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PEEFACE TO THE SECOND EDITION. 



The want of a second edition of this work has given 
occasion to correct a few errors, both in the text and 
illustrations. 

The last two years have produced little change in the 
design of Valve Gear. The most noticeable feature is the 
growing tendency to place the Corliss valve in the covers, 
rather than at the top and bottom of the cylinder. Messrs. 
Turner, of Ipswich, have dispensed with trip gear on their 
Corliss engines, and employ a crank - shaft governor to 
regulate the expansion. This appears to be a step in the 
right direction. 

CHARLES HURST. 

WOODLBY, January f 1900. 



PEEFACE. 



In the preparation of this work it has been my aim, as 
far as possible, to deal with the subject of Valve Gearing in 
a simple and interesting manner. 

Whilst in the main adopting the Zeuner diagram, as being 
the most suitable for determining the proportions of Valve 
Gear, I have not confined myself exclusively to that method 
of solution ; my object being to show that valve movements 
may be described in various ways, each possessing its own 
advantages. 

In the First Part, chapter I. treats of the common Slide 
Valve and its modifications; the second chapter is devoted 
to Expansion Valves and Automatic Cut-off Gearing; and 
the remaining chapters deal vvith Link Motions and other 
Beversing Gears. 

The Second Part treats of Corliss Valves and Trip Gears, 
A branch of the subject which has hitherto received but 
ittle attention from writers on Valve Gearing. 

I have to acknowledge my indebtedness to several eminent 
firms who kindly furnished examples of the best modern 
gears ; and I have also to thank my friend, Mr. F. H. Parker, 
for his assistance during the preparation of the work for 
press. 

CHARLES HURST. 

WiOAN, t/ttwe, 1897, 
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PART I. 
SLIDE VALVES. 



CHAPTER I. 
SIMPLE VALVE GEAR. 

Contents.— Area of Ports— Lead —Point of Cut-off— Diagram of Simple 
Valve — Percentages of Release and Compression — Application of the 
Diagram— Divided Valves — Valve Diagram — Effect of Connecting - rod 
Angularity and Equalisation of Steam Distribution — Ellipse Diagram — 
Double-Ported Valve — Trick Valve — Thom's Trick Valve — Valve 
Diagram for Tandem Engines — Valve Spindles— Valve Pins — Balanced 
Valves — Piston Valve. 

In dealing with valve gears, the common slide valve suggests itself 
as being a suitable starting point, ior once the simple diagrams and 
requirements relating to it are understood, the subject leads easily 
and naturally to the consideration of more complex gears. 

Area of Ports. — The first consideration when designing any 
valve gear is the amount of steam and exhaust openings requisite 
for the free passage of steam. It has been found that the velocity 
of steam entering the cylinder should not exceed 6,000 to 7,800 
feet per minute; while that of the exhaust should not exceed 
4,800 to 6,800 feet per minute. 

Let A = area of port opening in square inches. 
D = diameter of cylinder in inches. 
P = piston speed in feet per minute. 
V = mean vAocity of steam in feet per minute. 
V^ = mean velocity of exhaust in feet per minute. 



Then 



A = 



D^^x P 

4 
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The area of opening for exhaust will be— 

Da^ X P 
4 

VI • 

In deciding upon the values of Y and V^, regard must be had 
to the length and shape of the ports, and to the intended pressure 
of steam. In long-stroke slide valve engines the lesser velocities 
should be taken ; but in Corliss engines, where the ports are short 
and direct, the higher values of V and V^ may be taken without 
fear of wiredrawing. The frictional loss of steam in the ports is 
proportional to its density ; hence it is necessary to consider the 
pressure when calculating the area of passages; An instance of 
the effect of this consideration may be found in a well-designed 
compound engine. In the high-pressure cylinder the ports may 
have such an area as will give a velocity of, say, 5,700 feet per 
•minute to the steam and 5,200 to exhaust; but in the low-pressure 
cylinder it is not uncommon to find these velocities to be 7,200 
and 6,600 respectively. 

Having determined the area of the ports, the length must be 
fixed upon to find the width; or, if the width be settled, the length 
is easily found. It is to be noted that the steam port should be 
equal in area to the amount given by the formula for exhaust— that 
is, in slide valve engines — as it is evident that the exhaust must 
pass through the steam port. Allowance should be made for any 
ribs which may be cast in the ports, as they contract the passages. 

Lead. — In fixing the amount of lead, the chief point requiring 
attention is the piston speed. Other things being equal, the lead 
increases as the piston speed. Large clearance engines require 
more lead than Corliss engines. A common practice is to allow 
in medium-stroke engines ^ inch linear lead for every 100 feet of 
piston velocity. In vertioal engines the lead on the top side of the 
cylinder is less than on the bottom, for two reasons. Firstly, because 
gravity is against the piston, piston-rod, crosshead, and connecting- 
rod on the up-stroke; and secondly, because most of the wear in the 
joints of the link is in a downward direction. It is a oommon 
practice, when first setting vertical engines to work, to give on the 
top side half the lead given on the bottom end. 

Point of Cut-off* — The percentage of cut-off with a common 
slide valve may be from f to ^ of the stroke. Greater expansion 
than the earlier cut-off given should be obtained by expansion 
valves ; with a later cut-off than | there is likely to be excessive 
back pressure. A cut-off at 75 per cent, is very convenient ; the 
exhaust and compression then being quite satisfactory, and the 
travel of the valve not abnormal. 

Having decided upon these points — ^namely, the port opening, the 
lead, and the percentage of cut-off — the design of the valve may be 
at once proceeded with. 

Diagram of Simple Valve.— On a horizontal line A B (Fig. 1), 



DIAGRAM or 8IMPLB VALVE. 6 

draw CD for the position of the crank when steam shall be cut-off. 
From 0, make OE equal to the leac^ and draw 'EV perpendicular to 
A B. Draw B.G parallel to E F, making E B equal to the required 
width of steam opening. Next, draw H at right angles to C D, 
cutting the line E F at J. Bisect H J F by HnQ J K. On J K find 
the centre of a circle which shall pass through and touch the line 
BG. Let L be the centre* thus found. Then, in the diagram, LC or 
L G equals the throw of the eccentric, or half the travel of the 




valve ; L.H is the amount of outside lap, and L G is the position of 
the eccentric sheave relative to the position L M of the crank, 
LM being parallel to AB. On LC describe the primary valve 
<;ircle C H L. This circle cuts the lap circle H K in H. Draw the 
line L H K This is the^^sition of the crank when cut-off occurs. 
The line L E should be parallel to C D ; and the fulfilment of this 
condition is a test for the accuracy of the diagram. 

That this construction is correct is proved by the following 
xeasoning :*— The line H C is drawn at right angles to D ; and in 
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the semicircle L H 0, the angle C H L is a right angle (Euclid's 
Elements, £k. iii., Prop. 31); LB is therefore at right angles to 
H C, and, consequently, parallel to D 0. 

Again, because the circle H K O is drawn so that the line H is 
tangent, the line L R is at right angles to that tangent (Euclid, £k. 
iii, Prop. 18), and therefore parallel to the given line of cut-off D C. 

That the maximum port opening is equal to the given amount 
E £ can readily be shown. The line E F is drawn at right angles to 
A £, and so is line B G. Therefore, E F and B G are parallel. The 
line EF is also tangent to the circle KHO, by construction; and, 
therefore, since the half travel of a slide valve is occupied by lap 
and port opening, the distance L G is equal to the port opening pliis 
the lap. But it has been shown that YG is equal to the port 
opening; therefore L Y is the l ap. 

The whole principle oi' tte Zeuner diagram is directly founded 
on the 31st proposition of Euclid's third book ; and the truth of all 
diagrams can be proved by reasoning similar to that given above. 

Taking any position of the crank, as at LN, the condition of 
things is clearly shown by the diagram. The port will be open to 
steam an amount equal to4),P, given by the distance between the 
lap circle and the valve circle on the line of the then position of the 
crank. Also, at this position, the valve is dfstant to the left of its 
central position an amount equal to L P. At crank position L O 
the valve is at its greatest distance to the left of its central position, 
the port opening being equal to Q C ; Q being equal to E B as 
arranged for. Again, at L B. the valve has just closed the port ; 
L H being its displacement to the left of its mid position. At L S 
the valve has arrived at its central position and travels to the right 
until L K is reached. It now returns and arrives at its central 
position at L T ; the line S T being at right angles to L C. At L U 
the port is open ready for the commencement of the stroke. 

Thus far only the action of the entering steam has been con- 
sidered. In order to study the exhaust Fig. 2 is constructed. In 
actual working this diagram would not be drawn separately, biit it 
is to facilitate explanation and avoid confusion that two diagrams 
have been drawn in this instancy. 

Make L C, L H, and angle C L U, respectively, equal to L C, 
L H, and angle C L U in the first diagram. Produce C L to Y, and 
on L Y describe the secondary valve circle. Now, as the primary 
valve circle gave the port openings to steam for any crank position 
from T to S, so will the secondary valve circle give the port openings 
and valve positions for any point of the stroke from S to T, in the 
direction of the arrow. 

Taking a case in which there is no inside lap, at crank position 
L S, the valve is in its central position, as previously explained ; 
and it is evident that when it is in this position the valve is about 
to open for exhaust either one port or the other. L S, therefore, 
represents the position of the crank when release occurs. The 
port is being opened from S to Y. Of course, the opening cannot 
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exceed the width of the steam port, so that, if from L as centre, an 
arc A B be struck, the radius of which is equal to the width of the 
«team port, it is clear that the maximum port opening is attained 
at crank position L D, and this opening is maintained till L E is 
reached. At this point reduction commences and continues till L T. 
At L T the port is closed, and the steam remaining in the ports 
and cylinder is compressed until admission occurs at L U. 

Considering now the effect of inside lap, it will be observed that 
positive inside lap delays release and hastens compression ; while 
ne^^ative lap has the reverse effect in an equal degree. From L as 




-centre, and with radius equal to the inside lap, either negative or 
positive, describe the circle M N. This circle cuts the primary 
valve circle at the points O and P, and the secondary circle at Q 
and R. From L draw lines passing through these points, and pro- 
duce them to the circle C D E. Then, with positive lap, L I is the 
position of the crank at release, and.L J its position at compression. 
With negative lap, L F is the release position, and L G compression 
position. The same result may be obtained by a different method. 
On S and T as centres, and with radius equal to M N (the inside 
lap), describe the circles I F and G J. These circles cut the valve 
travel circle at points F G I and J, and these are the required points. 
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In practice, however, it would usuallj happen that the points of 
release and compression would be decided upon. Then it would be 
neoessaty to obtain the inside lap to effect the desired result. Let 
F and G be the points decided upon. Join F and G by the straight 
line F N G. Then, if this line be parallel to S T, L N is the required 
negative inside lap ; the circle M N having F IT G as a tangent. 
If I and J were the points chosen, LM would be the necessary 
positive inside lap, the line I J being parallel to S T. 

This construction only applies to cases where the line joining the 
two chosen points is at right angles to the centre line of the valve 

rig S. 




circles ; and when this is not the case it is to be concluded that no 
amount of lap, neither negative nor positive, will effect the required 
distribution ; but it is easy to arrange matters so that the resulting 
distribution shall be a compromise between the two points. In the 
figure above, A B represents the centre line of the valve circles, and 
D is at right angles to A B. £ and F are the chosen points for 
release and compression. But the line E F is not parallel to C D ; 
therefore this distribution is not possible. From E make E G equal 
to FD. Bisect the arc CG in H, and draw H J parallel to C D. 
If the lap be made equal to K L, release and compression will be at 
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H aad J respectively ; und tb«ae points will be the nearest approach 
to the required distribution that it is possible to attain. When 
the line joining the two given orank positions intersects the primarj' 
valvu circle the lap will be negatiTe; and when that line intersects 
the secondary valve circle the lap will be positive ; and when the 
line is at right angles to the centre line of ibe valve circles tbere 
*ill be no inside lap whatever. 

In Fig. 2, if there be negative lap equal to LN, the port will be 
fully open to exhaust at crank position L W; the arc, whose radius 
equals the width of the steam port minus negative lap, being struck 
from L as centre. L X is the point at which reduction commences. 
With the same amount of positive lap, it is evident that the port 
will never be fully open to exhaust, as shown by the arc IJalling 
, withotit the valve travel circle. 

Percentages of Release and Compression.— In determining 
the most suitable point for compression, the clearance is the chief 



» 




at a.b. Section at cd. 



point to consider. The most satisfactory way is to plot down the 
probable indicator diagram, and by means of the hyperbolic curve, 
to find a compression that will give a £nal pressure in the cylinder 
to balance the momentum of the moving parts. Having ^lettled on 
this point, the valve diagram is drawn, and the release point finds 
itself. It is possible that release may fall before cut-off, in which 
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case less compression must suffice in order to cause release to fall 
later in the stroke. Release at 92 per cent., and compression at 
89 per cent., have been found very satisfactory for horizontal 
^igines, with piston speeds of from 450 to 600 feet per minute^ 



fri\^5 




and with clearance volumes of from 5 to 10 per cent, of the piston's 
di^lacement. 

In high-speed vertical engines, it is the practice to give more 
compression on the under side of the piston, in order to counteract 
gravity. A compression at 82 per cent, on the bottom side is not 
uncommon in such cases. 
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Application of the Diagrram.— The practical application of 
the valve diagram is illustrated by Fig. 4. A is the width of the 
steam port as obtained by calculation. B may be any convenient 
dimension. Then should equal distance L C (t.e., half travel of 
valve, see Figs. 1 and 2)^ + A (Fig. 4) + L ; L being plus for posi- 
tive inside lap, and mintu for negative inside lap. When the port 
And valve feices are thus designed, the port opening through will 
never be less than the width of the steam port ; that is, assuming 
that the width of the bar, B, is less than L G - L when there is 
positive lap; and LO + L when there is negative lap. The edge 
of the valve, D, must on no account slide past the outer edge 
of the port face, E. 

The following is a very useful extension of the Zeuner diagram 
for solving the foregoing problem : — 

Let A B in the upper diagram of Fig. 5 represent the position of 
the crank when it is desired to cut off. Bisect the angle B A by 
the line A D. In the lower diagram, draw the circle E H equal to 
he assumed circle B D above. Make angles G F E and G F H 
both equal to angle D A B or D A ; and join E and H by the 
line crossing the horizontal at K. From K, lay off K L equal to 
the required maximum port opening minus half the lead the valve 
is to have. Join G E, and draw L M parallel to G E, cutting H E 
produced, in M. From M draw the horizontal M R, intersecting 
F E produced, in R. . Then F R is the half travel of the valve.^ 
Draw the circle RSW. From W, lay off the maximum port 
opening W V, which discovers the lap F V. Draw the lap circle ; 
and make V N equal the given lead. Draw the perpendicular N X. 
Then FX is the eccentric position when the crank is on dead 
centre ; and drawing the valve circle having F X as a diameter, will 
show the steam action. In the figure, admission is seen to be at 
F V, and cut-off at F S, and F S is parallel to A B above. 

Divided Valves. — ^When the stroke of an engine is very long 
in proportion to the diameter of the cylinder, the clearance with a 




slide valve is great. This clearance, however, may be considerably 
reduced by placing a valve at each end ot the cylinder. Fig. 6 
shows such an arrangement. The section of the front valve is taken 
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through the boBB for apindle; whilst the baok ia shovn by a section 
sboTe tb« spindle, and shows the dish-shaped fann of the valve. 
The proportions of the port and valve faces are here given. 
A = width of ste«m port, 
B = half trfcTOl of vMvo, 
C = hklf travel of valvs + i ineh to 1 inch. 

A case may frequently arise in whioh the travel of the valve, 
lap, and lead are known, and it is required to find the points of 
cut-ofij release, and compression. This problem presents itaelf 
when the actions of existing valves are being considered, so that 
alterations can be made if the steam distribution be fbond unsatis- 
fiietoiT, 

Valve Dlagpam-— On AB (Pig. 7) draw the circle ABCD, 
equal in diameter to the given travel of the valve. From centre 

riQ 7, 



^ 



y 



E, and with radius equal to the given outside lap, describe the 
circle F G. From centre A, and with radius equaJ to the given 
lead, describe the circle. The line H Jdrawn as a tangent to the 
lap and lead circles cuts the circle A B D in H and J. E H is the 
position of the crank when admission takes place, and B J is the 
crank position at out-oSl From K, set off £ L equal to the load. 
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and erect a perpendicular L M. Join E and M. Then E M is the 
position of the eccentric sheave relative to the position of the crank 
E B. Produce M E to N, and on line M N describe the primary 
and secondary valve circles. The completion of the diagram is now- 
a simple matter, and it will suffice to say that E O'is release point, 
and E P compression point, the valve having no inside lap. The 
arrow indicates the direction of rotation, or rather the direction in 
which the steam distribution is traced; and although the eccentric 
is spoken of as being at E M, it should be remembered that this is 
its position relative to the real position of the crank E B, as said. 
To show the eccentric relative to the crank when at A E, the line 
E U is drawn ; angle E U being equal to angle OEM. 

In all cases connected with the ordinary slide valve, it is well to 
remember that the crank being on dead centre, the centre of the 
eccentric sheave is in advance of the crank by 90 degrees plus the 
angle necessary for lap and lead ; and further, if the valve had 
neither lap nor lead, the eccentric sheave would be at right angles 
to the crank and leading. 

If, to any convenient scale, B Q be made equal to the stroke of 
the piston, the distance of the piston from the beginning of the" 
stroke for any crank position is given by the distance between the 
valve travel circle ABC, and the circle Q R A, on the line indicat- 
ing that position. Thus, at crank position E J, J B is the distance 
of the piston from the beginning of the stroke. Similarly, the 
circle Q T S gives the distance of the piston from the end of the 
stroke for any crank position. At crank position E J, It T is the 
distance of the piston from the end of the stroke. JB + B.T = BQ,. 
wherever J R and B. T may be. 

Effect of Conneeting-Rod and Equalisation of Steam 

Distribution* — In all previous diagrams the angularity of the 
connecting-rod has been neglected; but in most cases it is necessary 
to take this angularity into account. The Zeuner diagram admits 
of this, but not of that of the eccentric-rod ; the ratio of the length 
of the eccentric-rod to its travel, however, being in most casea 
great may be neglected. The effect of connecting-rod angularity 
is to cause events in the forward stroke to occur later than the 
corresponding events in the back stroke. Thus, a connecting-rod 
of five cranks in length would cause a cut-off at 75 per cent, in the 
forward stroke to occur at 68*75 per cent, in the back stroke ; and 
with a shorter rod the difference would be greater. It is possible ta 
equalise these events. It is also possible to equalise release 
and compression; and Fig. 8 shows how this may be done. 
Let A be the crank position at release for the forward stroke. It 
is required to cause release in the back stroke to occur at the same 
fraction as in the front stroke. Produce the line F G, and with a 
centre somewhere on this line describe the arc A D, the radius of 
which bears the same ratio to distance A 0, as the connecting-rod 
bears to the crank. F G representing the stroke of the engine, it ia 
evident that the piston has travelled a distance GD from the 
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beginning of the stroke when release occurs ; and A C ia the 
corresponding crank position for this point. From G, make G E 
«qual to FD. With centre on FG- produced draw the arc EH. 
Produce C A to B. The distance B H will represent the difference 
between the inside lap of the front end of the valve and the inside 
l&p of the back end. For example, suppose that in order to release 
at A C in the front stroke no inside lap were required ; then the 
back end of the valve would have no lap, for it is the back end of 
the valve which controls the forward stroke. But if release is to 
occur at C H in the backward stroke, the front end of the valve 
must have positive inside lap equal to B H^ because the front end 
controls the backward stroke. 




Dealing now with compression, it will be observed that if B 
represent the crank position when this event takes place, the piston 
will be distance G J from the end of the backward stroke ; F G 
representing, as before, the whole stroke. From F, make F L equal 
to GJ, and draw the arc LK. Produce OB to A. Then AK 
will be the difference between the inside laps of the valve in order 
to equalise compression. In the present instance B H = A K ; 
therefore both compression and release are equalised. 

It has been mentioned that cut-off may be equalised. Fig. 9 
•shows how this may be effected : — C B is the position of the crank 
at cut-ofi^ in the forward stroke. A O is the centre line of the 
•eccentric. Produce AC to D ; and on A D describe the valve 
circles. C F is the lap circle for the back end of the valve. With 
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the length pf the connecting-rod as radius, draw the arc BG» 
Make J K equal to E G, and draw the arc H J. Join and H. 
Where C H crosses the secondary valye circle (this circle being 
really the primary circle for the back stroke) describe the circle L O, 
the radius of which will be the necessary outside lap for the front 
end of the valve. Equalisation of cut-off has- been obtained at the 
expense of unequal port openings (F A being the amount for the 
back port, and O D the amount for front port) and unequal leads. 
This is a serious objection ; hence, equalisation of cut-off with the 
common slide valve is never attempted in practice. 




Ellipse Diagfram. — A convenient way of studying the action 
of the slide valve is to plot the motion of the piston as abscissa, 
and that of the valve as ordinate. On a horizontal line (Fig. 10) 
draw the path of the crank pin to any convenient scale, and divide 
it into any number of equal parts. On the horizontal line, and to 
any convenient scale, draw the eccentric circle. Make the angle 
Qca' equal to the angular advance of the eccentric. From of divide 
the circle into equal parts to correspond with the crank-pin circle. 
Draw the arcs for the connecting-rod and the eccentric-rod, the 
centre line of the eccentric-rod, A B, being at right angles to the 
centre line of the crank-pin circle, A G. Starting at point a on the 
crank-pin circle, erect a perpendicular a 1. a' is the corresponding 
eccentric position, and D will be the valve position. Project D 1 
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horizontally, meeting the vertical a 1 at 1. The first point in the 
curve has now been obtained. Bepeat the process tor each position, 
and draw a fair curve through all the points thus found. This 
•curve is called the valve elMpse. Draw E F parallel to a G, and 




1 

remote a distance equal to the outside lap. This line cuts the 
valve ellipse at points E and F. E is the point at which admission 
occurs ; and F is the point of cut-off. Projecting these points to 
the line a G, which represents the stroke of the piston, their per- 
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•oentages may be easily obtained. When the piston is at o^— that 
is, the beginning of the stroke — the yalve will be distant^ a E, from 
its mid position. Again, at piston position, Hi — the projection of 
F — H F is the displacement of the valve from its central position, 
■and the port is just closed to steam. If J K be parallel to a G, and 
remote a distance equal to the positive inside lap, K and J will be 
the points of release and compression respectively. For negative 
inside lap, L M would be drawn above aQ ; and L and M would 
be the points of compression and release respectively. The upper 
uahaded portion of the figure will give the port openings to steam 
for any crank position ; whilst the lower shaded portion illustrates 
the opening to exhaust. 

It is evident that this diagram is not suitable when designing 
new valves, but for tracing the action of existing gear, where the 
travel of the valve and the angle of advance are known, it is very 
•convenient, inasmuch as it permits of both connecting-rod and 
eccentric-rod being taken into account. This is the only advantage 
•over Zeuner's diagram. 
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Double-Ported Valve. 

Double-Ported Valves. — Cylinders of large size require ports 
of considerable width ; and consequently, the necessary travel of 
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the valve becomes excessive. Other things being equal, the work 
required to actuate the valve varies directly as the travel ; hence 
it is desirable to make the travel as small as possible. The double- 
ported valve gives twice the steam opening of an ordinary valve 
with the same travel, and is much used for large cylinders. The 
valve diagram is drawn exactly as for an ordinary valve. The port 
openings and lead, however, will be twice the amount shown by 
the diagram. An example of a double-ported valve is given in 
Fig. 11. The correct proportions of the port and valve faces are 
here given : — 

A = half total width of required exhaust opening. 

C = 2 A + half travel of valve + inside lap ( + L for positive lap, — for 

neg.) - B. 
E = half total width of required steam opening. 
F = half travel of valve. 
D = E + G + F + outside lap. 
J = A. 
H = 2A. 

Area of passage K = area of one steam port. 

M = not less than A ; preferably more. 

B and G, of course, are empirical. 

The figure shows a valve suitable for a vertical engine. The 
spindle is prolonged to carry a balance piston at the top of the 
steam chest. The chipping strips at the entrance of the valve 
ports not only facilitate the finishing up to the exact sizes, but 
give an increased area for steam through the valve. This is an 
advantage ; for it is evident that the boss round the valve spindle 
reduces the area of these passages. The chipping pieces compensate 
for this redaction. 

Trick Valve. — Fig. 12 shows a form of slide known as the 
trick valve ; a design which gives a better steam opening than an 
ordinary valve. An inspection of the figure will render its action 
apparent. E is a passage in the valve which will admit steam from 
the left-hand side of the valve to the right-hand port, or from the 
right-hand side of the valve to the left-hand port, when the edge 
of the valve T slides past the end of the. port face. The port and 
valve faces are so disposed that at the instant this occurs, the 
port will also be opened by the edge F, thus admitting steam 
as an ordinary slide valve. The proportions of this valve are as 
follows : — 

B » half required width of port opening. 
A = 2 B + C, if sufficient for exhaust. 

L is the outside lap, as obtained from valve diagram. 
D=L. 
M = half travel of valve. 

Area of passage E = half area of port opening. 

It is important that the edges H do not open the port before- 
the edges G have closed ; otherwise, the steam in passage E will 
be lost at each stroke. When the above proportions do not admit 
of this, B may be reduced the required amount, the redaction being 
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compensated bj an increased opening past the edge F; whick 
means a little extra travel. If the point of cut-off is to be main- 
tained, the increased travel will alter the lap ; and it is probable 
that the porta will have to be re-arranged to suit the altered oircum- 
Btances. 

The valve diagram calls for no comment, except that the true 
port opening ia not the amount shown by the figure. The lead is 
twice the amount shown. An equalisation of release and compres- 




eion has been obtained by inside lap on the front end of the valve. 
The trick valve should have chipping atrijis at the edge of the porta 
in order to compensate for the reduction of area due to the boas of 
the valve spindle. 

Thorn's Trick Valve. — Thom'a patent trick valve is an ingenious 
and useful invention, and has been successfully applied to miiny 
low-pressure cylinders of marine engines. In Mg. 13, the valve is 
shown in its central position, and the corresponding jiosition of the 
piston is also indicated. Under these conditions, steam is entering 
from the top, through the patent passage, to the bottom side of the 
piston. A slight movement of the valve in the upward direction 
will destroy this connection ; and the piston, continuing its down 
stroke, will compress the ateam remaining in the cylinder and port 
at the bottom end. When it is remembered that the terminal 
presanre of most condensing engines is very low, the difficulty of 
obtaining satisfactory compression will be appreciated: and the 



SIUPLB TALTB GBAS. 



adrantttge of this ralve U, that it snbetitutes steam of a pressure 
equal to that at release point, in place of a vacuum that approxi- 
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mates to that of the condenser. A proper compression ia thus 
obtained, the ports are hotter at the commencement of the next 




stroke tlian they would otherwise be, and hence there is less coe 
densation ; and a saving of steam at release point pressure, and ii 
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volume equal to the capacity of the ports and clearance, will he 
effected at each revolution. 

The proportions of this valve may be as follows : — 

B = lap as obtained from diagram. 
C = half required width of port opening (steam). 
A = 2C + G. 
K = B. 
D 4- E = necessary width for exhaust. 

F = half travel of valve + say i inch for tightness. 

It will suffice if the communication between the ends of the 
•cylinder occur when the valve has moved in a position in which 
the exhaust has closed by about f of an inch. The accompanying 
diagram will illustrate the action. Let D represent the travel 
of the valve and also the stroke of the piston. Let H E be the 
position of the crank when compression commences, the direction 
of rotation being that indicated. The corresponding position of the 
piston is A. Make EF equal to the desired cover of the valve 
before communication takes place. H F is the crank position, and 
B the piston position ^ hen communication takes place. Let F G 
•equal H (Fig. 13), the distance between the edge of the valve J 
and the edge of the port. Then communication will exist while 
the crank is travelling from F to G, and the piston from B to J. 

Valve Diagram for Tandem Engines.— In tandem engines, 




where the valve of the back cylinder is worked by a prolongation 
of the valve spindle of the front cylinder, it is evident that the 
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travels i^nd the advance angles of the two valves will be the game. 
Suppose the front valve already designed. Having decided upon 
the lead of the back valve, all necessary data are to hand for the 
construction of a diagram. From O as centre, draw the valve 
travel circle A B D. Draw O A, the given position of the eccentric 
in relation to the real position of the crank O B. Draw A C per- 
pendicular to B D ; and from c, mark off C E, equal to the lead. 
E O will be the lap. Draw the lap circle. Describe also the valve 
circle, giving by its intersection with the lap circle, the position of 
the crank at cut-off OF. E« D is the maximum width of steam 
port opening ; the area of which being known, the length is ob- 
tained. Should this be found inconveniently long, a trick valve, 
or a double ported valve, would perhaps set matters right in this 
respect ; or the front valve ports might be altered so as to overcome 
the difficulty. O F also may be found unsuitable; in which case, a 
compromise between the two cylinders may be effected, in order 
that this objection may be removed, or at least mitigated. 

Valve Spindles. — The determination of the size of valve spindles 
requires careful consideration, in order that they may perform their 
work without trembling or buckling. 

Let fi a coefficient of friction between valve and port faces. (Take 0*2^ 
which allows for weight of valve and friction of staffing boxes.) 

P = pressure of steam in valve chest, in lbs. per sq. inch. 

S = working stress on valve spindle at smallest diameter. (5000 to 
6000 lbs. per sq. inch for steel ; 4000 to 5000 for iron.) 

A = fall area of back of valve in sq. inches. 

Then area of spindle at smallest diameter = -J— ^ — ; which rule 

S 

agrees closely with practice. But this rule must not be applied 

in every case ; for other considerations may modify the dimension 

thus found. In cases where the distance from the valve to the 

spindle guide is considerable, and where the eccentrics are not in 

line with the valve spindle, which would cause a bending action 

on the latter, it would be advisable to exceed the dimension found 

by formula. 

The following table, collated from actual and recent practice, 

will serve to show the effect of various conditions that influence 

the dimensions of valve spindles : — 
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Valve Pins. — In oouseqaence of the slight moTetneat on the 
pins of ordinary valye gears a large aur&ce presanre may be allowed. 
1600 lbs. per square inch of sarfooe is frequently taken, but this 
figure should be used with caution, and varied according to circum- 
Btances. Where the reciprocations exceed 500 per minute this 
pressure would be found too great, and 1100 would ^p«e more 
closely with practice. The surface being understood to denote the 
length of the pin multiplied by the diameter, it follows that A being 
the area of the valve, F the maximum pressure of steam in the 
valve chest, ft the coefficient of friction, and p the surface pressure 
allowed, the Bnrface of the pin will be^ 

P ' 
Also, if D and L eqnal the diameter and length of the pin, 
respectively, 

The proportion of D to L may be as 1 : 1 -26. Then, 



Balanced Valves. — The balanced slide valve is not regarded 
with mnch favour by many engineers, but there can be no doubt 



Common Form at Relief King, 
that a well-designed and efficient arrangement is an advantage, 
particularly in large reversing engines operated by hand. To be * 
snoceBB, it is necessary that the relief rings and packings ifaonld 
be of the best workmanship, without which the appliance is worse 
than nselesB. Two common forou of relief rings tn ihown in 
Figs. 16 and 17. 
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In practice it does not appear that the presence of a balancing 
ring reduces the diameter of the valve spindle to any appreciable 
extent ; it being considered unsafe to rely upon the former relieving 
the valve, so that in the event of the relief ring becoming 
inejQ[ective the engine may still be run with safety. 

Fig. 17 




Common Relief Frame. 

Piston Valve. — ^A more effectual way of avoiding excessive 
friction of the valve gear is by the use of a piston valve. The first 
cost, however, is excessive, and its use entails large clearances. 
Fig. 18 is given as an example of a piston valve. The valve opens 
both ports for steam, but one only for exhaust. In this example 
packing is dispensed with. The pistons and working barrels are 
finished to inside and outside standard gauges. The barrels are 
forced into position, and secured by set screws to the main casting. 
"Wnen the pistons and barrels are thus carefully constructed, and 
have small grooves twined on the face, as shown in the figure, 
the escape of steam to exhaust will be so slight as to be im- 
materiaL 
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Piston Valve, 
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The proportions of this Tolve are as follows : — 



Sometimes the steam enters between the pistons. In cases of 

this sort, the real position of the eccentric relative to the poaitioa 

Fig 19. 



CommoD PiitOD Slide Valve. 
of the crank, will be directly opposite the position indicated on the 
valve digram ; that is to say, the eccentric will follow, and not 
lead the crank. 

In the above figure is shown another form of piston valve. The 




two pistons are part of a cylindrical casting carrying losses through 
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which the valve spindle passes, and to which it is secured. The 
packing of the pistons consists of metallic spring rings held in 
position by junk rings at each end of the valve. To prevent the 
rings springing into the ports diagonal bars are cast round the 
entrance of the latter. These bars, of course, contract the steam 
passage, and in calculating the area of steam and exhaust openings 
should be allowed for. The usual practice of having loose liners 
for the working barrels is followed; and the balance piston relieves 
the link motion of the weight of the valve, spindle, and other 
details. 

The valve diagram is appended (Fig. 20), but as the construction 
is exactly similar to that of the slide diagram, it is unnecessary ta 
enter upon an explanation. An inspection of the figure will show 
that cut-off is at A B — about 75 per cent. — and compression and 
release are at A and A D respectively. 
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• CHAPTER II. 
SLIDE EXPANSION GEARS. 

Contents* — Expansion Gears — Diagram for Expansion Valves — Application 
of Ellipse Diagram to Expansion Gears — Valve Diagram — Design of 
Expansion Valves — Meyer Expansion Gear — Application of the Diagram 
— Expansion Regulator — Double- Ported Meyer Gear — Reynold's Valve 
Diagram, for Single* Valve, and for Meyer Gear — Classes of Automatic 
Expansion Gear — Hartnell's Governor — Diagram for Hartnell's Expansion 
Gear— Application of the Diagram — Ruston- Proctor's Expansion Gear — 
Crank Shaft Governor Expansion Gear — Westinghouse Governor. 

It has been remarked that for an earlier cut-off than i stroke, an 
ordinary slide valve is not suitable. In order to obtlin the effi- 
ciency of steam at pressures now common, it is necessary, even in 
compound engines, to cut-off at a much earlier point in the stroke 
than can be suitably effected by a single valve ; and the problem 
of attaining the required degree of expansion without disturbing 
the proper points of release and compression presents itself. The 
mechanism employed to attain tJiis end is termed Expansion Gear. 

Expansion Gears. — Expansion gears may be classed under 
three heads : — 1. Expansion gears in which the cut-off is fixed. 
2. Expansion gears in which the cut-off is varied by hand. 3. Ex- 
pansion gears in which the cut-off is automatically controlled by 
the engine through the operation of a governor. 

Fixed expansion gears are now little used, and are only suitable 
for engines having a definite and unvarying load, which condition 
is very rarely the case. However, as the consideration of this class 
embodies the principle of most expansion gears, it will be con- 
venient to investigate it in the first instance. 

In Fig. 21, A is a slide valve having steam ports B B formed at 
each end. This valve is virtually an ordinary slide, with the addi- 
tion of the ribs C 0, which form the outer side of the steam ports 
B B. Sliding upon the back of this valve is the expansion valve 
D, driven by a separate eccentric, the sole function of which is to 
control the admission of steam. It is easy to see that by arranging 
the eccentrics in a proper manner, the expansion valve can be 
made to slide past the outer edges G G of the ports B B, at any 
desired point in the stroke. 

Diagram fdr Expansion Valves.— Before considering the 

expansion valve, the main valve must be designed. This is done 
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exactly as in the case of an ordinary slide valve. The width K 
equals that of the maximum opening to steam, as found by Calcula- 
tion, The width of the bar C is empirical. 




Slide Expansion Valve. 

In Fig. 22 let A B represent the position of the crank, and A C 
and A D the positions and throws of the main and expansion 
eccentrics respectively. Join C D, and draw E equal and parallel 

Fig- 22 /^ 




to A D. Produce A E to F. On A E and A F, describe circles as- 
shown. These are kn<»wn as resultant circles; and in the manner 
in which the primary and secondary valve circles illustrate the 
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action of the simple valve, these resultant circles give the motion 
of the expansion valve relative to the main; and this relative 
motion is such as would be obtained by an eccentric whose throw 
and position are given by the line A E, when the main valve is 
supposed to be fixed, and in its central position. 

In this instance the peculiarity of the Zeuner diagram is still 
present. The real position of the crank relative to the eccentrics, 
A and AD, is A B ; but in tracing the action of the steam, the 
motion is supposed to be in the direction of the arrow. 

In each diagram, unless there is a direct statement to the con- 
trary, the arrow shows the assumed, and not the real direction of 
rotation. 

The motion will now be traced throughout a complete revolution. 

Starting at the beginning of the forward stroke, the assumed 
crank position being A G, the expansion valve will be distant A H 
to the left of its central position on the main valve ; which distance 
is given by the intersection of the crank position and the secondary 
resultant circle. The expansion valve continues to move from left 
to right until A J is reached ; at which point it arrives at its central 
position relative to the main valve ; that is to say, the centres of 
the two valves will coincide, and will have, relative to one another, 
the position shown in Fig. 21 ; but Fig. 21 does not show their 
true position relative to the cylinder ports. A J is at right angles 
to AF. The expansion valve now travels to the right of its relative 
central position until A E is reached, at which point it attains the 
«nd of its relative travel to the right. At AB, the expansion valve 
is still to the right, as shown by the intersection of the crank with 
the primary circle. At A K, relative mid position is again reached; 
and when the crank is at A F, the valves are at their maximum 
distance apart. This displacement now decreases, and at A G the 
revolution is completed. 

In order to show that the resultant circles give exactly the 
action of the two valves relative to on^ another, draw on A and 
A D the main and expansion valve circles. Take any position of 
the crank, say AC. The intersection of the crank line with 
the main eccentric circle A shows the distance of the main 
valve to the left of its central position on the ports, as explained 
above ; and the intersection of the crank line with the expan- 
rsion eccentric circle also shows the distance of the expansion 
valve to the left of its central position. The distance apart of 
the two valves relative to each other is obviously C L. The crank 
line AC intersects the resultant circle in M, also showing the 
•distance apart of the two valves. It remains to show that 
A M = C L. Join E M and D L. Then, because E A was made 
parallel and equal to D, the angle E A is equal to the angle 
A C D ; and "the angles E M A and D L are right angles and 
equal to each other (Euclid, Bk. iii.. Prop. 31). Then, in the 
triangles E M A and I) C L, because the side E A = the side C D 
(by construction) and the angle E M A ^^ the angle OLD, and the 
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Angle E A M « angle LCD, the side A M = the side L (Prop. 26, 
£k. L, Euclid's Elements). 

By reasoning similar to the above, the resultant circles can be 
shown to give exactly the relative positions of valves for all posi- 
tions of the crank, and for any form of expansion gear operated by 
'eccentrics in the ordinary manner. 

Now, consider the effect of altering the throw and position of the 
-expansion eccentric. In Fig. 23 let O A and O B represent the 



Fig 23 




main and expansion eccentrics, and O D the real position of the 
crank. Then O will be the line giving the resultant circles. 
Let the expansion eccentric be advanced to O B^ Then O C^ is 
the centre on which the resultant circles are described. The 
•expansion valve will therefore attain its central position on the 

Fig 24, 




main valve earlier in the stroke, and the relative travel of the 
valves will be greater. 

In Fig. 24 O D is the real position of the crank; O A is the main, 
and O B the expansion eccentric. O is the centre of the resultant 
-circle. Let the travel of O B be reduced to O B'. Then O 0' will 
be the altered position of C. The expansion valve will therefore 
attain its central position on the main valve earlier in the stroke, 
but the relative travel will be less. 
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Application of Ellipse Diagram to Expansion Gears.— 

The resultant circles can be reduced to an ellipse. It will be seen 





by an inspection of Fig. 26, that the angle of the centre line of the 
resultant circles is put back 90° from its real position in a similar 

^'9 26. 




manner to the advance angle in the simple valve ellipse diagram. 
In the present figure, A and B are shown to be central positions ;. 
4 and 8 extreme positions. 
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The effect of lap will now be considered. In Fig. 26, let L equal 
♦ the dimension L in Fig. 21. From 0, draw O A D. This line will 

\ represent the position of the crank when the expansion valve has 

closed the port in the main valve. Again, suppose L is positive. 
The expansion valve would then have the form shown by the dotted 
lines in Fig. 15; and L' (Fig. 21) would equal L (Fig. 26). Where 
the circle ABC cuts the secondary resultant circle, draw the line 
O E. This line is the position of the crank when cut-off takes 
place, the lap being positive. The following statements are 
deduced from the foregoing observations : — When the lap is 
positive, the point of cut-off is given by the intersection of the lap 
circle with the secondary resultant circle. When the lap is 
negative, the point of cut-off is given by the intersection of the lap 
circle with the primary resultant circle. When there is no lap the 
point of cut-off is given by a line at right angles to the centre line 
of the resultant circles. 

In the valve ellipse diagram, if the lap be negative, draw C D 
parallel to, and remote a distance equal to the lap, above the line 
1 5. The line C D crosses the ellipse at 0. Then C is the position 
of the piston at cut-off; 1 5 representing the whole stroke. Let 
the lap be positive. E F is then the line that determines the point 
of cut-off, it being drawn below the line 1 5. E' denotes the piston 
position at cut-off. 

Having premised these introductory remarks, the actual design 
of the valves will now be considered. 

Valve Diagfram* — On the diagram of the main valve draw the 
crank position when it is desired that the expansion valve shall 
cut-off. In Fig. 27, O A is the line. The position and throw of 
the expansion eccentric are not determined by any exact construc- 
tion. The travel is usually made greater than that of the main 
valve. T x 1 '2 is good practice ; T being the travel of the main 
valve. As to the angle of advance, it has been shown that 
increasing this, increases the diameter of the resultant circles ; so 
that other things being equal, the cut-off will be quicker. Hence, 
in practice, it is found that the angular advance is considerable. 
Eighty degrees in advance of the main eccentric is very suitable, 
but some makers have a constant angle, which in several cases 
is 90° ; that is. directly opposite the crank. 

Let OB (Fig. 27) represent the throw and position of the 
expansion valve eccentric decided upon. Draw the resultant 
circles. The secondary circle intersects O A at 0. O C is the 
amount of positive lap on the expansion valve. 

When the cut-off is nearly at right angles to the centre line of 
the resultant circles, it becomes difficult to see the exact point at 
which intersection takes place. If, however, a circle be described 
on the expansion eccentric line O B, the difficulty can be avoided; 
for the distance 00 is also given by the distance between the 
intersection of the main valve circle with the cut-off line, and the 
intersection of the expansion eccentric with the s ime line. In the 

3 
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figure, D and E are the points of intersection ; and D E equals O C. 
Take another position, say OF. O G is the necessary lap, which is 
also given by HE. Here the lap is negative. 

With regard to the port opening for any particular crank position, 
it is evident that when the lap is positive the port opening is given 
by the distance between the expansion valve lap circle, and the 
intersection of the resultant circle with the crank line. Thus, in 
crank position O J, the port opening is K L. But the actual port 
opening can never be greater than the wjiBth of the port 




through the main valve ; so that it would be more correct to say 
that E. L is the distance of the edge E (Eig. 21) irom the edge of the 
main valve port B. Suppose the lap O C is negative. Then the 
distance of edge B from edge G, would be L O + O K, for the crank 
position O J. 

Desi£rn of Expansion Valves.— Referring now to Eig. 21, it 

will be noticed that the expansion valve is not machined the whole 
length of the face, but only for a width, H, past the edge of tlie 
port in the main valve. In order that steam shall not enter the 
port B from the inner edge of the face of the expansion valve, the 
distance H should be at least equal to the diameter of the resultant 
circles, which give the amount of relative motion of the two valves. 
In expansion gears of this class, the cut-off should be equalised. 
The required adjustment cannot be found by Zeuner's diagram, but 
may be obtained by plotting down the crank and eccentric circles, 
and moving tracings of the valves into position for the front and 
back strokes. In practice this is seldom done. The valve spindle 
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is screwed past the nuts on each side, as shown in the figure, so 
that the cut-off may be adjusted when the engine is erected. 

Meyer Expansion Gear. — Of variable hand, expansion gears, 
the well-known Meyer gear is by far the most common. In this 
arrangement, a range of expansion is obtained by varying the lap 
of the cut-off valves. 

In Fig 28, A is the real position of the crank relative to the 
main eccentric 0£. LL is the outside lap circle of the main 
valve, and cut-off occurs at O 0. Decide upon the travel of the 
expansion valve, and from O as centre, and with radius equal to 
the throw of the eccentric, describe the circle A E D. Draw B D 
parallel to O ; and join O and D. Then O D is the position of 



Fig 28. 
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the cut-off eccentric relative to the position of the crank O A By 
this construction the centre line of the primary resultant circle will 
coincide with the line of the main valve cut-off. The position O D 
is not imperative; but for reasons which will be made known 
shortly, it is a most convenient setting. 

Now, the nut of the expansion plate B (Fig. 29) being screwed 
by a right-handed thread, and the nut of plate C being screwed 
by a left-handed thread, the plates can be made to approach to or 
recede from one another, according to the direction of rotation of 
the valve spindle. This movement of the plates will alter the 
point of cut-off to any desirable extent. 

Let the required range of expansion be from the beginning of the 
stroke, to the point of cut-off by the main valve. 
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To find the position of the expansion plates relative to the main 
valve, it is only necessary to draw the crank line for the required 
point of cut-off; for its intersection with either of the resultant 
circles determines the position. Take the position of the crank 
O E (Fig. 28). The line O E cuts the secondary resultant circle at 
F. O F is the required positive lap ; or the amount that the edges 
J, of the plates B and C, overlap the edges K of the main valve, 
when B and C are central on the main valve, which position is- 
shown in Fig. 29. 

Take the point of earliest cut-off O G (Fig. 28). Here O H ia 
the required positive lap. At the latest cut-off O C, the lap will be 
O 0, and as O C intersects the primary resultant circle, it will be 
negative. It follows, therefore, that OH + O G is the movement 







# 

Meyer Expansion Gear. 

of each plate on the spindle, in order to vary the cut-off from O G- 
toOO. 

The reason for choosing O C for the centre line of the resultant^ 
circles will now be stated. At crank position O the expansion 
plate will be at its extreme position to the right, relative to the 
main valve. But the negative lap necessary for this grade of 
expansion is equal to OC, so that it is evident the plate will 
re-open the port immediately after O C. The main valve, however, 
has cut-off at the same instant ; therefore, re-opening by the expan- 
sion valve will not affect the efficiency of the gear. The latest 
possible cut-off by the expansion valve is given by the centre line 
of the primary resultant circle. When this centre line falls on, or. 
after, the line of main valve cut-ofl^ re-opening, as previously stated, 
is immaterial. For example, take a crank position O J. OK will 
be the negative lap. The plate attains its extreme relative position 
at 00. It will now recede and re-open the port when OM is. 



EXPANSION REGULATOR* 



37 



\ 



reached, but as cut-off by the main valve has already occurred, this 

re-opening is of no consequence. 

Applieation of the Diagram.— There is another way in which 

the port in the main valve may be re-opened, and that is by the 

edges ¥ of the cut-off plates sliding past the edges G of the main 

valve. 

Let P = diameter of resultant circles. 

W = width of port in main valve (E in Fig. 29). 
L = lap of expansion valve for earliest cut-ofif. 

Then, in order to avoid this re-opening, the width A (Fig. 29) 

should be 

P + W ± L. 

For positive lap take + L ; and for negative lap — L. 

It is necessary to add a little extra width to the dimension' given 
by the foregoing expression to ensure tightness. A quarter of an 
inch will, in most cases, be sufficient addition. 

The diagram shows that 00 (Fig. 28) is the greatest negative 
lap. The dimension E in Fig. 29 must be great enough to allow 
of both plates being set to this negative lap. Therefore, £ must 
not be less than 2 A + twice the greatest negative lap. In some 
cases it may be necessary to slope the ports in order to obtain E. 
Fig. 30 illustrates a case in point. 




Expansion Regulator. —In order that the spindle of the cut- 
off valves may be revolved to vary the expansion, it is prolonged 
through a stuffing box at the back of the valve chest ; and has a 
wheel at or near the end of it. An index is usually provided, to 
indicate the grade of expansion. Fig. 31 shows a neat arrange- 
ment of cut-off regulator. In this design, the wheel is keyed on 
the brass sleeve A, the latter being mounted on the valve spindle 
by means of a feather key, thus permitting of a horizontal move- 
ment of the valve spindle, whilst the regulating wheel is at rest. 
The brass plate B is stamped, so that «the finger correctly indicates 
the grade of expansion. The minimum length of the slot in the 
regulator is given by the expression 

T + MN 



n 
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Where T = thickness of finger nut (D in Fig. 31). 

M » movement of each plate in varying the cut-off from earliest 

to latest. 
N = number of threads per inch in nut of cut-off valves, 
n = number of threads per inch on sleeve of regulator. 

The joint of the expansion-valve spindle with the eccentrio-rod 
must be of such design as will allow the spindle to turn freely rounds 
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Expansion Regulator. 

Double-Ported Meyer Gear.— The Meyer gear is shown in its 
double ported form in Fig. 32. The passages GG conduct the 
exhaust from P to Q. The sum of their areas should equal that 
of the steam port H. The ports J J are shown widened out to 
compensate for the reduction of area caused by G G. The area of 
ports J J and K K, should in all cases be equal to the area of the 
steam ports. The dimension L requires attention, or it may happen 
that when the main valve is open for lead, the plate M will cover 
the port J, and steam will not be admitted at the proper time. 
In order that such a thing may be' avoided, L should not be less 
than 

; + W + N + P. 



DOUBLE-PORTED HK7ER OEAB. S9 

Where I = lead of mun Tolve at each port. 
W » width of oat-off pUta. 

N = lap at lateat out-off, which will, la mo«t oatea, be nsgstiYe. 
P = diatonoe of cnt-oQ' valves from rslativB oentnl petition, when 
crank ia on dead centre. 



Section at £F, 




Fig. 33 is the dii^iram for the gear, and O A = P in the foregoing 
espreasion, and is the distance of the cut-off valves to the left of the 
relative central position when the crank is at O B. The expansion 
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yalve will open the port J at a quicker rate than the main valve 
will open to steam; which is as it should be. In every case, it 
is advisable to make L greater than the dimension given by the 
above expression. 

The nuts of the expansion valves are shown divided. This per- 
mits of the valve spindle being kept the same diameter for each 
nut The recess at the back of each nut is provided for the recep- 
tion of a spring, which tends to keep the plate on the face of the 
main valve. In order that the spindle may be passed through the 
valve chest when the expansion plates are in position, it is necessnry 
to have sufficient clearance to press back the back half of each nut, 
to clear the thread of the valve spindle. In Fig. 34, the inner circle 
represents the diameter of the valve spindle at the bottom of the 
thread, amd the outer circle the diameter at the top of the thread. 



rig-34. 




It will be necessary to push the nut back a distance equal to A B, 
before the spindle can be passed into position. When the steam 
chest is big enough to allow of the expansion plates being placed 
with their faces to the main valve spindle, the cut-off spindle can 
be passed, and the plates afterwards brought into their proper 
position. Then the above condition is not imperative. 

The circle to the right of the plan view in Fig. 32 represents the 
steam inlet pipe. The main valve is, of necessity, of large size, and 
it was desirable to keep the steam chest as small as possible. Both 
the valves slide over the supply pipe, but in consequence of the 
deep feet N, the orifice is not obstructed to any serious extent. 

With Meyer gears, when the cut-off is equalised for any one 
grade of expansion, it will not be equal for the other grades. In 
practice, it is usual to equalise the pai*ticiilar grade of expansion 
which corresponds to the normal load on the engine. 
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Reynold's Valve Diagram.— The action of the Meyer gear is 
very clearly shown by means of the Reynold valve diagram. It 
will be convenient to consider the diagram for a simple valve 
before treating of expansion gears. 

In Fig. 35, A B represents the crank, and B the connecting- 
rod of an engine. The piston-rod is suppressed; and therefore 
D and E are the extreme positions of the piston, and F is the 
central position. Divide the crank-pin circle into any number of 
«qual parts ; 36 divisions is the most suitable number. The corre- 
sponding piston positions for each of the crank-pin positions can 
be readily obtained. Thus, taking crank position A B, F is the 
displacement of the piston from its central position. 
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Reynold's Valve Diagram. 

Now, consider the line A B, in Fig. 36, to be the crank-pin circle 
of Fig. 29, drawn out into a straight line. Let this line be divided 
into 36 equal parts. Then each division will correspond to an 
angle of 10 degrees on the crank-pin circle. The distance of the 
piston from its central position, for each of these 10 degrees is 
obtained from Fig. 35, and transferred to Fig. 36; and a curve 
similar to H K J is obtained. The total breadth of the curve will 
be the stroke of the piston to the scale chosen. The piston is at 
its extreme position at H. At D, where the curve crosses the axis 
AB, the piston i&i in its central position, and the crank at 87 
•degrees from the starting point. K. denotes that the end of the 
front stroke is attained. From K to J is occupied by the back 
4stroke. 

Reynold's Valve Diagrram for Single Valve*— A similar 

curve must now be obtained for the valve. The extreme horizontal 
breadth of this curve will represent the travel of the valve. Any 
convenient scale for the breadth may be chosen, but the vertical 
axis of the curve must be the same length as the piston curve. 
Let the angular advance of the eccentric be 40 degrees. O on A B 
is the position for crank dead centre ; so that if the valve curve 
cross the vertical 40 degrees before O, the curves will be in their 
correct position. 

Take any position, say L L. The piston is distant N O from its 
central position ; and at the same time, N P is the displacement of 
the valve from its central position. At M M the valve is at mid 
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position on the ports, and the intersection of M M with the piston 
curve indicates the then position of the piston. Let the outside 
lap be known. Draw C parallel to A B, and removed a distance 
equal to the known outside lap from A B. Admission occurs at C. 
Draw CQ horizontally. Its intersection with the piston curve 
gives the piston position. This position may be projected vertically 
to a scale of percentages, and the position at once read off. 

E E is a line parallel to A B, and G is the inside lap. Release 
is at E, and compression at E^ Let it be required that release 
shall occur at 93 per cent, in both front and back strokes. From 
93 per cent, on the scale for the forward stroke, draw R S vertically, 
to intersect the piston curve at S. From S draw SF horizontally. 
Then, if the inside lap on the front end of the valve be equal to 
the distance between F and the vertical A B, release will occur at 
93 per cent. From 93 per cent, on the scale for the back stroke, 
draw TJ V vertically, to intersect the piston curve at V. Project 
V horizontally, to intersect the valve curve at W. Then W X is 
the amount of inside lap necessary to release at 93 per cent, in the 
back stroke. If the intersection of these horizontals with the valve 
curve fell on the axis A B, no inside lap would be necessary ; but 
if the intersections fell on the opposite side to E E', negative inside 
lap would be required. 

Reynold's Valve Diagram for Meyer Gear.— Take now 

the case of an expansion gear. Having, in the manner previously 
explained, obtained a curve for the expansion valve, it remains to 
connect this curve with the piston aad valve curves in sucli a 
manner as will give the true positions of the piston, main valve, 
and expansion valve for any point in the stroke. It will be found 
convenient to plot down the main valve and piston curves on one 
sheet, and the expansion valve curve on a separate sheet of tracing 
paper, so that the latter may be set to any desired position, and the 
modifications effected by altering the angle of advance observed. 

Fig. 37 shows the piston, main, and expansion-valve curves in 
position. The angular advance of the main eccentric is the same 
as in the previous case — namely, 40 degrees. The expansion- valve 
curve is placed for an angular advance of 90 degrees — that is, 
directly opposite the crank. A horizontal line drawn at any point 
of the crank-pin line A B, will give the then positions of piston and 
valves. And conversely, if any piston position be chosen, a vertical 
drawn from that position will intersect the piston curve, and a 
horizontal drawn from the intersection will give the valve posi- 
tions. 

Take the crank position CD. E F is the distance of the piston 
from its central position, and E H and E G will be the respective 
displacements of the main and expansion valves from their mid 
position. 

Let it be required to cut off at 20 per cent, of the stroke. From 
20 per cent, on the scale for the front stroke, draw the vertical to 
intersect the piston curve at J. From J draw the horizontal. 
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crossing the main and expansion curves at K and L respectively. 
K L is the necessary, negative lap to accomplish this grade of 
expansion in the iront stroke. From 20 per cent, on the scale for 
•the back stroke, draw the line vertically, to meet the piston curve 
at M. From M, draw the horizontal, intersecting the valve curves- 
at O and N. O N is the negative lap for the front end of the valve, 
to effect this grade of expansion. If the horizontals K J and M O 
crossed the curves at P and Q — ^that is, where P and Q cross each 
other — there would be no lap whatever; but if the verticals 
crossed on the opposite side of P and Q, the lap would be a posi- 
tive quantity. 

The equalisation of cut-off for any particular grade of expansion 
having been effected, it is easy to observe the inequality for the 
other grades ; and herein lies the chief advantage of the diagram. 
The expansion-valve curve being drawn on a separate sheet of 
tracing paper, the angular advance may be altered by merely moving 
the position of the tracing; the effect of which is instantly mani- 
fested. This is another merit of the Keynold's diagram. 

Classes of Automatic Expansion Gear.— Automatic expan- 
sion gears are made to vary the cut-off: — 1. By varying the travel 
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of the expansion valve. 2. By varying the angular advance of the 
expansion eccentric. 3. By varying both angle and travel of the 
main eccentric. 

In Fig. 38, O A is the crank, O B the main eccentric, and O C 
the expansion eccentric. Let the circle F G be drawn with radius 
equal to the negative lap. Cut-off will occur at crank position O D. 
Now, suppose the throw of O C to be reduced to O 0\ Cut-off then 



44 BLISK RXFAHSIOIT SBARS. 

-occurs Bt E. Thia diagram illuatrfttes the principle of expanaion 
gears of the first class. 

Hartnell'S GoveraOF.— Fig. 39 is a sketoh of the Tell-kuowii 
Eartuell governor combined with a link expansion gear. Whea 
the engine is mnoing at the normal speed, the die in the swinging 
link occupies the position indicated. When an increase of speed 
takes place, the bails &j out, raising the radius rod, which shortens 
the travel of the expansion vttlve. Gut-off will therefore be earlier 
in the stroke. When the speed fallB below the normal, the radiua 




ElutneH's Governor. 
rod is lowered. This action increases the valve's travel, and cut-off 
is later. The governor itself is a spring-loaded one. Between 
certain limits, any desired speed may be maintained by adjusting 
the helical spring in the head. 

Diagram foe Hartnell's Expansion Gear.— No eaact con- 
struction can be given to determine all particulars of this gear. 
Generally, the positions of the crank at early and late cut-off, and 
1 and minimum travels of the expansion valve would 
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be decided upon. But it is necessary to assume either the angular 
advance or the lap of the expansion valve before a diagram can be 
constructed. 

Let O E, Fig. 40, be the line of latest cut-off in relation to the 
crank position ON revolving as shown; OA the throw and 
position of the main eccentric, and O B and O B' tlie throws and 
position of the expansion eccentric for maximum and minimum 
travels respectively. O C is the resultant circle corresponding to 
O B ; and O D the resultant circle for OB'. O E intersects the 
resultant circle for maximum travel, at F. OF is the required 
negative lap. Draw the negative lap circle F G, intersecting the 
resultant circle for minimum travel at G. O H is the position of 
the crank at earliest cut-off. It may be that this range of expansion 
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Diagram for Hartnell's Expansion Gear. 

is not sufficient. Decreasing the negative lap would not alter the 
total range of expansion, as far as the cut-off valve is concerned, 
but would cause O E and O H to fall earlier in the stroke. But 
O K is the cut-off by the main valve. O E can be made to coincide 
with O K, by giving negative lap O L. This will alter H to 
O M ; which alteration has increased the actual range of expansion 
by the angle HOM. Decreasing the angular advance of the 
expansion eccentric would also increase the range of expansion, as 
may be shown by construction. 

Applieation of the Diagram. — The valves for the Hartnell 
gear may assume the form shown by Fig. 41, the proportions being 
as follows : — 

The sum of the width of the ports C, may be equal to one and a-half times^ 
the width of port E, to ensure a good steam line. 

A = D + C-L, + say j^-inch for tightness. 

Where D = diameter of largest resultant circle. 
C = width of port (see Pig. 41). 
L = negative lap. 

NgU, L would become + L if lap were positive. 
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B should be not leu than -^ 



Where L = lead ol main valve. 

N = namber of ports oa each side of exponsioD ralTa. 

D = greateit diatanoe of expansLoii valve from ita relatlva 

central poaitian, whea crank ia on dead centre. 
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In practice, B would be found to exceed the dimension given by 
the above ezpression. The ports are often divided equally along 
the face of the valve. The rules just given can then be employed 
to ascertain whether the action ia satisfactory or not. 
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Ruston-Proetor's Expansion Gear.— Fig. 42 iUuatratea th© 
aatomatio expansioa gear made bj Messrs. Kuston, Proctor & Co., 
Liaooln. The governor is of the Porter type ; and ia actuated 
from the crank shaft by means of bevel gear. The radius link id 
pivoted on the bottom end, and the lifting link irom the governor 
raises or lowers the radius rod aa circumstances require. A daah- 
pot is iitted to give steadiness to the governor, and the balance 
weight relieves the latter from all encumbrance due to the radius 
rod. 

Crank -Shaft Governor Expansion Gear. — It has been 

remarked that the grade of expansion can be varied by altering the 
angular advance of the expansion eccentric. Fig. 43 ia a diagram 




for this class of gears. A is the position and throw of the main 
or distribution eccentric ; and B the expansion eccentric. C D 
is the lap circle, which, in this instance, is negative. Out-off ia at 
OE. Suppose fi moved round the shaft to position OB', then 
OF is the cut-offline. 

Fig. 44 illustrates a device whereby the angle of B can be 
varied according to circnmstances. The figure is self-explanatory, 
and it is only necessary to remark that the design admits of 
considerable adjustment. In the first place, the point of attach- 
ment of the springs to the levers carrying the weights B B can be 
altered ; the position of the weights themselves can be adjusted by 
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Crank-Shaft Governor Expansion Gear, 

FiQ 45. 
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means of the nuts on the levers ; and the connecting links A A are 
also adjustable. 

The third method of obtaining a range of expansion is by varying 
both the throw and position of a simple slide valve eccentric. The 
principle of this class of gears is set forth in the accompanying 
diagram. ' 

Let OA (Fig. 45), represent the throw and position of the eccentric 
relative to the true position of the crank OB. D is the outside 
lap circle, and cut-off is at O E. Let the eccentric be altered so 
that its throw and position are given by the line O A. The lap 
circle will remain the same, and the cut-off will therefore be at O F. 

WestingfhOUSe GOYernor. — ^As a typical example of this class 
of gears, the Westinghouse governor and eccentric is selected. 



Fig 46, 
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Westinghouse Governor (position for latest cut-off). 

Fig. 46 shows the position of the parts for the latest cut-off, which 
is at O A. In Fig. 47 the gear is in position for earliest cut-off, 
which is at OA. The real and assumed crank positions are in- 
dicated on each figure, as is also the direction of rotation. The 
valve diagrams show that as the governor moves from latest to 
earliest cut-off, the lead increases. This governor operates upon 
a piston valve, which is the most suitable form for crank -shaft 
governors, as the work required to move the valve passes partly 
through the springs. 

Crank -shaft governors find much favour in America. The 
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Dick and Church govemor, as made hj the Phosnix Iron Works 
Company, is representative of its class. 



rig 47. 




Westinghouse Governor (position tor eacliest cut-off). 

The principal forms of slide valve expansion gears have now 
l)een dealt with. The varieties and modifications ase numerous, 
but the action is generally little different from the gears that 
have been described, a knowledge of which will enable the action 
of other gears to be understood. • » • 
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CHAPTER III. 
LINK MOTIONS. 

CrONTENTS. — Single Eccentric Reversing Gear— Valve DiaCTam for shifting 
Eccentric Gear — Stephenson's Link Motion — Open and Crossed Rods — 
Valve Diagram for Stephenson's Link Motion — Mr. Maofarlane Gray's 
method of describing tne Characteristic Line— Crank Pin Diagram — 
Best arrangement of Gear — Link Motion made by the North - Eastern 
Railway Company— The Slot Link— The Doable bar Link with Eccentric 
Rods inside — The same ¥rith Eccentric Rods outside — Proportions of 
Links — GUxKsh's Link Motion — Eccentrics driving obliquely — Valve 
Diagram for Gk>och's link Motion— Crank Phi Diagram— jBest arrange- 
ment of Gear— Allan's Sraight Link Motion — Diagram for Allan's Gear 
— Expansion Gears and Idnc Motions combined. 

To enable an engine to run in either a forward or backward 
direction, it must be fitted with link motion, or some other 
equivalent device; and it remains to discuss various gears by 
means of which reversal is effected. 

Single Eeeentrie Reversing Gear.— The simplest form of 

reversing gear consists of an eccentric, the angle and throw of 
which can be varied at will by moving it across the shaft. This 
device, although simple and efficient, would be very inconvenient, 
especially on an engine of large size, or on one that required 
frequent reversal; and the arrangement is here described, not 
because of its practical utility, but because of the principle 
involved — the principle of link reversing gears. 

The single eccentric reversing gear consists of a plate A, secured 
to the crank shaft B by means of a key. The eccentric G is pro- 
vided with two slots, whereof the larger is to allow of the eccentric 
being moved on the shaft, so as to take either the position shown 
by the upper or lower diagram, Fig. 48, or any intermediate 
position between the extreme limits. The second slot is made to 
pass the bolts D D, which are securely fixed in the plate A. This 
arrangement permits of the eccentric being held in any position 
between E and F. 

In the diagram the position of crank is indicated, and also the 
centre line of the eccentric. It will be understood that when the 
eccentric is secured so that it coincides with the line K£ — its 
extreme position in one direction — ^the engine will run in the 
direction of the arrow, and when the eccentric has the position 
K F, the motion is reversed. The reason of this is clear. Consider 
first the upper diagram , where the crank is on dead centre, and 
the line KE is the position of the eccentric. The cylinder is 
supposed to lie to the left of the figure. Motion by piston effort 
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at this position is, of course, impossible, but suppose the crank 
moved by some means in the direction of the arrow. The eccentric 
moves through the same angle in the same direction. This move- 
ment will manifestly drag the valve spindle, and consequently the 





I 
Single Eccentric Reversing Gear. 

valve, from the back end of the steam chest towards the front 
end. When the crank is at the back dead centre, KJ, the 
eccentric, if corr« ctly set, will have opened the back steam 
port for lead, and any movement of the crank in the arrow's 
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direction will cause the port to be opened wider. The engine 
would therefore run in the direction indicated, or " over/' as it is 
commonly termed. If the crank were moved in the opposite 
direction, the eccentric still being held in the position K E, the 
valve would have the ba«k port open to lead as before, but motion 
of the eccentric in that direction would close the port, thus pre- 
venting the engine running " under." 

Now consider the action when the eccentric coincides with the 
line K F, which position is shown in the lower figure. The crank 
may be supposed to be on dead centre as before. Any movement 
in the arrow's direction opens the back port wider; and the 
engine is therefore free to revolve in a counter-clockwise direction. 
Moving the crank in a direction opposite to that indicated would 
close the back port, thus preventing clockwise running. 

Valve Diagram for Shiftins: Eccentric Gear.— The Zeuner 

valve diagram is well adapted to the solution of problems in 




Zeuner Diagram. 

connection with the shifting eccentric gear.* Let A B represent 
the position of the eccentric when set for running in the arrow's 
direction. A B in the left-hand diagram of Fig. 49 is, in fact, the 
line KE of the upper diagram in Fig. 48, and AB in the right- 
hand diagram (Fig. 49) is the line K F in the lower diagram 
(Fig. 48). On A B describe the polar valve circle. From B draw 
B D perpendicular to the horizontal E F, and mark off the lead 
D G. A G is therefore the amount of lap. Draw the lap circle 
G 0. Admission, cut-off, release, and compression are at A H^ 
A J, A K, and A L respectively. 

The inherent peculiarity of the Zeuner diagram is here seen. 
The real position of the crank relative to the eccentric's position 
A B, is A E ; but the steam distribution is traced round in the 
direction indicated, as though the crank were leading the eccentric. 

* This matter has already been touched upon when dealing with crank-shaft 
governor gears. 
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The state of things for a&j position of the ecoentrio between 
£ and F (Fig. 48) can now be shown. £ E and E F in Fig. 50 are 
in lei^h ana position equal to K E and K F of Fig. 43. Join £ 
and F. The line E F repreaents the path of the eccentric sheave 
when being moTed from one extreme position to the other. 
Wherever the position of the eccentric may be, the line E F 
must terminate the radius of the eccentrio throw, and, therefore, 
the line drawn for an; intermediate position of the eccentric on 
the line E F, to the centre K, represents by its throw and position 
the radiua and angle of the eccentrio sheave ; and if on that line 



Fig 50. 




produced, valve circles be drawn, the action of the steam is 
rendered clear. In the accompanying figure this has been done. 
Two intei'medi&te points have been takea and nnmbered I and 2, 
Admission, cut-o£F, release, and compression are at B^, B^ ; C, C* ; 
D», D* ; and E^, £*, respectively. 

Tabulating these results it appears that — 

iAdmiBaioQ is earlier \ 
Cut-off „ f than when the eccentria 

B«le»8e „ r la at KE. 

CompreBsJon „ ) 
IAdmisBion ii earlier \ 
Cat-off „ r than when the eccentric 

Release „ i is at El. 

CompresaioD „ } 



I 

i 
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It also appears from the diagram that, although admission is 
earlier as the eccentric approaches its neutral position K A, the lead 
is constant for all positions, because the cosine of the eccentric 
angle is constant. This is true, neglecting the angularity of the 
eccentric-rod, which is generally so small as to be quite 
inappreciable. 

The line £ F will be designated the characteristic line of the 
gear, and it will be shown that in certain forms of reversing gears 
it is a straight line, as in the present instance ; and in others it has 
a curvature, sometimes towards the crank shaft, and sometimes 
towards the cylinder. The significance of the various forms wiU 
become apparent as the work proceeds. For the present it will 
suffice to say that when the characteristic line is straight and 
vertical, the lead is constant for all positions of the gear. 

Stephenson's Link Motion, — Fig. 51 shows the well-known 

Stephenson, or shifting link, motion. A E if the throw and position 
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Stephenson Link Motion. 

of the eccentric for running under, and A F the eccentric for run- 
ning in the reverse direction. The link D C is curved with a radius 
equal to the length of the eccentric-rods,* and is concave to the 
crank shaft. The valve spindle B is coupled to the link D C in 
such a manner that the latter is capable of being raised or lowered 

* When the length of the eccentric-rods is spoken of, it should be understood 
to denote the distance from the centre of the eccentric clips to the centre of 
the eccentric pin holes on the link, unless there is a direct statement to the 
contrary. Strictly speaking, the form of link shown in the figure has a radius 
greater than the length of the eccentric- rods, by the distance between the 
eccentric pin hole and the pin hole in the link block, when in full gear. 
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by the lifting link C G, which is in turn connected to the bell- 
crank lever GH, having J as a fulcrum. This lever may be 
operated by a reversing handle, a reversing wheel and screw gear, 
or by a small cylinder fitted for the special purpose. The latter 
arrangement constitutes what is known as a " steam reversing 
gear,'' and is most frequently seen on large winding engines. 

In the diagram the eccentric A E has sole control of the valve, 
the action of which is similar to that of a valve connected to the 
eccentric A E in an ordinary manner. The crank, therefore, 
revolves in the direction indicated. The angle and throw of the 
eccentrics are determined by the construction of a diagram similar 
to that illustrated in Pig. 1. When the eccentric A F has control 
of the valve the action is practically the same, but the motion of 
the crank is reversed. 

The action of the motion for full forward and full backward 
gear being understood, the question arises, what would be the 
action for any intermediate position of the link block ? 

Open and Crossed Rods. — Before dealing with this question, 
the meaning of the terms " open " and " crossed " rods should be 



Fig 52. 




made clear. In Fig. 52 A E and A F are respectively the forward 
and backward eccentrics of a link motion driving a valve spindle 
G. In the upper figure the eccentric-rods are coupled to the link 
on the side on which are situated the respective centres of the 
eccentric sheaves, when the crank is on the outer dead centra 
This arrangement constitutes an "open" rod link motion. In the 
lower figure the eccentrics are coupled as shown, thus forming what 
is known as a " crossed " rod link motion. 

Valve Diagram for Stephenson's Link Motion.— Let A F 

and A E, Fig. 53, be the forward and backward eccentrics, respec- 
tively, of two link motions, whereof the upper diagram is an open, 
and the lower a crossed rod arrangement. BO is the link, and FC 
and E B are the eccentric-rods. On A E describe the valve circle, 
cutting the line A 0, which is drawn from the extremity of the link 
0, to the centre of the crank shaft in G. From F through the point 
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G, draw the straight line F H, meeting the horizontal line A J in 
H. Through the three points E, H, and F draw an arc. This arc 
will be the characteristic line of the gear, and includes the 
extremities of all the virtual eccentric arms for any position of the 
block in the link. Take any position of the gear, and divide the 
line E F in the same proportion that the block divides the whole 
length of the line. Referring to the diagrams, let X be the point of 
gear chosen. It is required to find the movement of the valve 
corresponding to this particular position. On the characteristic 
line E F mark the point W so that F W bears the same proportion 




Valve Diagram for Stephenson's link Motion. 

to the line E F that X bears to the whole length of the link 
B. Join the points A and W. Then, A W is the virtual 
eccentric arm which produces approximately the same valve move- 
ment that results from the combined action of the two eccentrics 
A E and A F, acting through the medium of the link B C. On A W 
as diameter draw the valve circle. The maximum port opening, 
the periods of admission, cut-off, release, and compression are now 
clearly seen; and by choosing other positions of the link and 
repeating the above construction the action for any other point is 
seen. 

Consider the enlarged diagram for open rods. Fig. 54. The letters 
A, E, F, and H correspond with the letters of the previous diagrams ; 
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and the characteristic line E F contains the extremities of all the 
virtual eccentric arms. The lap circle J K remains constant for all 
positions of the gear ; the valve circles, however, are changed for 
every position of the gear, and cross the lap circle at dmerent 
points, and, in the manner of the simple Zeuner diagram, indicate 
the percentages of admission and cut-off. The lead is also seen to- 
vary for all positions of the link, a fact which explains that common 
statement that in the shifting link gear, with open rods, the lead 
increases as the gear is brought into mid-position; but with crossed 
rods, the reverse is the case. 

It can be shown that these statements are correct from an inspec- 
tion of Fig. 52. The motion for both open and crossed rods i» 
shown in mid-gear ; the crank in each case is on the outer dead 
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point, and the port is open for lead. Suppose the link B C moved 
so that the point B is brought to the centre line D G. The point 
B is constrained to move in an arc whose centre is £, and therefore 
the shifting of the link motion must pull the valve to the left, 
because £ is fixed. This movement manifestly lessens the port 
opening and decreases the lead. Applying the same reasoning 
to the crossed rod gear, it is seen that the valve spindle moves to 
the right as the block in the link approaches full gear. Generally, 
the longer the eccentric rods and the shorter the valve travel, the 
less will be the variation of lead. The truth of these statements 
is at once verified by a glance at the figure. 

Hacfarlane Gray's Method of Deseribing the Char^ 

acteristic Line. — Mac&rlane Gray has suggested a very 
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eimple method of describing the line.E F, which is as near the truth 
as practice demands. Describe with centre on A J produced 
(Fig. 53) an arc passing through E and F with radius found as 
follows : — 

Kadius = length of eccentric- rod from centre to centre x half 
the distance between the two eccentric sheaves -r the distance 
between the centres of the eccentric -rod pins on the link. Re- 
ferred to Fig. 55, Radius =5^^.^'^ 
6 » 2TN 

For open rods the arc is concave to the shaft ; for crossed rods 
concave to the link. 

It is instructive to apply the two methods given above, to one 
case of link motion, and observe the closeness of their agreement. 

Fig, 66, 




Link Motion ''notched up." 

The above constructions emphasize the advantage of keeping the 
eccentric throws short, the eccentric-rods long, and the link short, 
in order that the lead disturbance shall be a minimum. The first 
and third conditions are to be met by employing double-ported 
valves; and to keep the eccentric-rods long, the link should be 
located as near the valve chest as circumstances permit. 

At this point it may be well to explain that the diagrams just 
given are approximate only. When valves are operated directly 
from eccentrics, the movement can be predetermined with great 
exactitude, but with link motions it is not so. So many points step 
in to modify the valve movement, that to pre-arrange a link motion 
that shall satisfy all conditions is impossible. The best that can be 
done is to secure the best action for full forward and full 
backward gear, and then, with the link properly suspended, 
the eccen trio-rods long, and the valve travel short in proportion, 
the action for intermediate gear will be almost exactly that shown 
by the characteristic line in the diagram, and will be found 
satisfactory. 

The foregoing constructions are, as said, only approximate, but 
there is a method whereby the valve movement can be determined 
exactly when the leading dimensions have been settled upon. 

Let the accompanying diagram (Fig. 55a) represent, in outline, a 
link motion in which it is desired to determine the exact move- 
ment of the link. Let AE and AF be the backward and forward 
eccentrics respectively, B C the link, and D G the suspension link, 
shown in position for mid-gear. Divide the eccentric circle E F into 
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any number of equal parts, say ten, starting from the point E for. 
the backward eccentric, and from F for the forward eccentric. (See 
Fig. 55a). From £ as centre, and with the length of the backward 
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eccentric as radius, describe an arc P Q ; and from P as centre, and 
with the length of the forward eccentric as radius, describe au arc 
R S. Now, it will be apparent that when the eccentrics are at A E 
;and A F, the centre of one pin hole of the link must be somewhere 
on P Q, assuming that the link is of the double bar form, shortly 
^o be described ; and the centre of the other pin hole must be some- 
where on K S; whilst the third point is somewhere on the arc J K, 
the path of the end of the suspension link. 

Now prepare a tracing paper templet of .the link, drawn to scale, 
marking thereon the position of the pin holes and the point of 
suspension. In the figure, such a templet is shown, X being the 
backward pin hole, Z the forward pin hole, and Y the suspension 
point. Applying this templet to the arcs PQ, RS, and JK, so 
that X is on P Q, Y on J K, and Z on R S, a definite position of 
the link is given, which can be pricked through to the paper below, 
And numbered to correspond with the eccentric circle. By re- 
peating this process for all the other positions of the eccentrics, the 
point-path of the pin holes is tracked out, discovering the exact 
movements of these points. Taking the case of the present gear, 
the extreme horizontal points of the point D are seen to be D and 
H ; and since the valve spindle is in the direction A D, its travel 
will be exactly equal to DH; and, further, since the link is in 
mid-gear, D H is equal to twice the lap pltis twice the lead, so that 
•either of these being known, the other is found The peculiar 
paths of the pin holes are known as " slip curves," and indicate the 
amount of slotting motion of the die in the link. 

The above method of tracing the valve motion is open to one 
objection, namely, that if the point-paths are to be drawn full size, 
the drawing must be as large as the whole gear itself, a condition 
which is usually inconvenient; but, by the method about to be 
described, the point-paths may be found without drawing the 
-eccentric-rods in position. 

In the figure, suppose the eccentric circle E F transposed to the 
left a distance AT = E£ = FC; and let a templet L M N be 
prepared, having the radius O equal to A T, and the side M N in 
the direction of the radius. If this templet be applied to the 
transposed circle, so that the point M coincides with the chosen 
point in the circle, and the side M N is parallel to AD, the curved 
side L M contains the centre of the eccentric pin hole. The templet 
L M N being made of cardboard, or some other suitable material, 
the curve can be at once ditawn on the paper. Similarly, placing 
the templet in position for the other eccentric, the curved side 
•contains the centre of the other pin hole. Now, applying the link 
templet as before, so that each centre falls on the curves thus 
found, the link's position is discovered.* Referring to the figure, 

* A valuable paper on '* Point- Paths in MechaDisms, found by the use of the 
lemplet," appeared in Engineering, vol. Ivii., p. 439. The use of a templet in 
this way is applicable to many forms of link-work, and is especially valuable 
when the mechanism is too large to admit of all parts being drawn in position. 
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the positions of the templet for backward and forward eccentrics, 
when the latter are at 7, 7, are shown by dotted lines. 

The exact valve movement being thus determined, the results 
may be referred to an ellipse diagram, or, still better, to a crank 
pin diagram about to be described. The inequalities for backward 
and forward running, and for full and middle gear are then clearly 
shown. 

Crank Pin Diagfram. — In order to show the steam action for 
various positions of the link block it is convenient to construct a 
crank pin diagram giving the opening to steam, the point of 




admission, and other events in the stroke referred to a circle 
representing the path of the crank pin. In the accompanying 
figure, the curves 1, 2, 3 give the steam distribution corresponding 
to the valve circles 1, 2, 3 of Fig. 54. From these curves it is 
clearly seen that as the gear is moved towards the central position, 
the admission is earlier, the port opening less, and the cut-off 
earlier. The case in point is one in which inside lap, either 
po sitive or negative, is absent. The construction of this diagram, 
although tedious, is a very simple matter. The Zeuner diagram 
being drawn, the port opening for any crank position is known, 
and if various points through the stroke be taken, and the port 
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openings for each of these positions marked from the craak-pin 
circle (not necessarily drAwn to scale), curves are obtained sitoilar 
to those shown in the figure. The crank-pin diagram illustrates 
the actioD, perhaps, olearer than any other ; and it has been the 
practice of some engineers to have such a diagram plotted down for 
each gear made, and carefully preserved with the drawings of the 
engine. The peculiarities of the ge»r 
are thus gmphically depicted; and 
shonld occasion arise to modify the 
valve motion, there is a true record 
of the existing conditions, and altera- 
tions can be made with confidence, 
knowing the exact state of matters 
with respect to the steam distribn- 

Best ktrangement of Gear.— 

In the Bhifting link motion, the 
J point of suspension 0, Fig. 51, may 
I be at one extremity of the link as 
I shown, or at a point midway between 
u the eccentric-rod pin holes. The 
S link for the former mode of suspen- 
B sion is of simpler construction than 
b in the latter case. The suspension 
Si point, however, is often decided by 
I the disposition of the adjacent parts 
b r of the engine. The central position, 

generally speaking, gives the easiest 
motion ; but in many coses, notably 
locomotives, suspension at this 
point would mean a very short lift- 
ing link, which is an objection. 
Another point requiring attention 
is that the arm of the lever O J is 
parallel to the valve spindle when 
the link is in mid-gear; and further, 
when the valve is central on the 
ports, the perpendicular from the sus- 
pension should bisect the versed 
sine uf the arc described by the point 
G. In the figure these conditions 
have been fulfilled. Although not 
ot vital importance, the arrangement 
just described is the best, and wher- 
ever possible shonld be adopted. 

If any link ^ar be plotted down 
for various positions throughout the 
stroke, the centres of the pin holes in the link will be found to 
daecriie peculiar curves, which resemble the figure of on attenuated 
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eight. These are known as " slip curves," and by their breadth 
denote the slip of the block in the link. The aim of the desigaer 
should be to reduce this slip as much as possible, so that the wear 
of the link is ammimnm. 

Link Hotion made by the North-Eastern Railway Com- 
pany. — Fig. 57 shows the form of link motion employed by the 
Korth-Eastern Railway Company on their expreas passenger looo- 
motives. The valve cheat is on the top of the cylinder, and the 
valve spindle derives its motion from the rocking lever in tho 
manner shown. The object of preaenting thin illustration is to 
show the effect of the rocking lever on the setting of the eccentrics. 
In ordinary cases the eccentrics would be set in advance of the 
crank; but here they follow it, and have a position directly 
opposite the true setting for a link motion of the ordinary typo. 

The Slot Link.— The ordinary form of slot link is illustrated 

in fig. bS.* The point of suspension is on the side remote from the 

Fig. 68. 




The Slot Link. 



weigh-shaft. This form of link is very simple, and is much used 
for small engines. Its chief drawback is that no adjustment of the 
link block ia possible; consequently any wear thereof causes con- 
siderable jar on the gear. 

The Double-BaF Link with Eccentric-Rods Inside.— The 

next form is the double -bar link with eccentric -rods inside. 
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The defect of the commoa slot link is avoided, but this advantage 
scarcely compensates for the defect introduced. The link cannot 



CW|»i> 



Fig, 69. 
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Double-Bar Liok with Rods Inside. 



be moved so that the end of the valve spindle is opposite the 
eccentric pin holes, and therefore the throw of the eccentrics must 
be greater than half the yalve travel when set full gear. This is a 
disadvantage, since it incurs larger eccentrics, and, as a consequence, 
increased friction. The link itself is also considerably lengthened. 

The Double-Bar Link with Eecentric-Rods Outside.— 

The double-bar link with rods outside is the best form, but the 
most expensive. The eccentric-rods are here forked, and embrace 

Fig, 60. 





Double-Bar Link with Hods Outside. 



the link, thus allowing either eccentric pin hole to l?e brought 
opposite the valve spindle. The suspension point is at one 
extremity of the link, but, if desirable, could easily be in the 
centre. The above form is largely adopted in the Navy and 
Mercantile Marine. 

Seaton, in his Manual of Ma/rine Engineering j has given rules for 
proportioning the various details of link motion, which ai^e of 
great practical value (Chapter xiii.). 
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Proportions of Links. — For the slot link, let D be the dia- 
meter of the valve spindle ; then 

Diameter of block-pin when overhung = D. 

Diameter of block-pin when secured at both ends =0'75D. 

Diameter of eccentric-rod pins =0*7D. 

Diameter of snspension-rod pins = '55D. 

Diameter of suspension-rod pin when overhung =0'75D. 

Breadth of link =0*8 to 0*9D. 

Length of block = 1 -6 to 1 SD. 

'J'hickness of bars of link at middle =0'7D. 

If a single suspension-rod of round section, its diameter =0*7D. 
If two suspension-rods of round section, their diameter =0*55D. 

Distance from celitre to centre of eccentric-rod pin holes not less than two 
and a-half times the travel of the valve when in full gear, and when space 
permits, two and three-quarters to three times. 



The unit D is obtained from the expression 



Where L= length of valve in inches. 
B= breadth of valve in inches. 
^ = maximum absolute pressure to which valve is exposed, in 

pounds per square inch. 
F=a factor having the following values under various circuni- 
stances : — 

When the spindle is long and of iron F = 10,000. 
When the spindle is long and of steel F = 12,000. 
When the spindle is short and of iron F = 12,000. 
When the spindle is short and of steel F= 14,500. 

For the double-bar link with rods inside let D = diameter of valve 
spindle, as before. 

Depth of bars r= 1 •25D -I- 1 inch. 

Thickness of bars = '5D + J inch. 

Length of sliding block =2*5 to 3D. 

Diameter of eccentric-rod pins = 'bD + i inch . 
Diameter of centre of slidmg block = 1 *3D. 

Distance from centre to centre of eccentric-rod pin holes three to four times 
full travel of eccentric-rods. 

In the double-bar link with rods outside, D == diameter of valve 
spindle. 

Depth of bars = 1 '25D + i inch. 

Thickness of bars = '5D + ^ inch. 

Length of sliding block =2*5 to 3D. 

Diameter of eccentric-rod pin8=0*75D. 

Distance between eccentric-rod pin holes two and a-half to two and three- 
quarter times the full travel of the valve. 

GoOCh'S Link Motion. — The stationary-link gear, introduced 
by Sir Daniel Gooch, consists of two eccentrics AE and AF 
coupled to the link B C by eccentric-rods E B and F C. The link 
is curved towards the cylinder with a radius equal to the length of 
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the radiuB-rod B D ; which latter is raised or lowered by means o( 
the lifting link GH. Finally, the link B C is Bustainecl or aua- 



pared with the Ste)>henB0n gear, the present arrangement has more 
joints, and occupies a greater length; but these objections arft 
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compensated in some degree by the improved valve movement, 
whereby the lead is constant for all positions of the radius -rod. 
That such is the case will be apparent from an inspection ot the 
figure. The crank A L is supposed to be on the outer dead centre, 
■and when in this position, the valve, if correctly set, gives the 
desired amount of lead. Now, since the link has a radius equal to 
the length of the radius-rod, and because the eccentric-rods being 
of equal length, the link is vertical, it follows that B D can be 
swept through the whole length of the link without altering the 
position of D ; and since the valve spindle is stationary, the lead is 
unaltered. 

It ren^ains to find the characteristic line of the gear ; and, having 
obtained this, to determine the action for full forward or full back- 
ward gear, or for any intermediate position. 

EccentFles Driving Obliquely.— Before entering on tljis 
matter it is necessary to investigate the action of an eccentric 




driving a valve spindle in an oblique direction. Let A B (Fig. 62) 
be an eccentric, and B C an eccentric-rod driving a valve-rod C D 
in a horizontal direction. Draw the straight line A C connecting 
the centre line of the crank shaft and the end of the eccentric-rod. 
This line makes an angle OAF with the horizontal line A F. 
Draw the line A H, maJsiing angle BAH equal to angle OAF. 
At right angles to B A draw B J, intersecting the line AH at K. 
Then A K is the throw and position of an eccentric, which, driving 
the valve spindle directly, would give approximately the same 
steam distribution as an eccentric A B driving the valve spindle 
obliquely. The foregoing construction, although not admitting of 



Fig 63, 




•exact mathematical proof, is so very near absolute truth as to be 
quite satisfactory for all practical purposes. 
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In Fig. 63 consider the eccentric A B driving the valve 
spindle in the manner shown. Join A C, and make angle BAH 
equal to angle CAP. Draw B J perpendicular to BA, cutting 
tlie line A H at K. Then A K is the throw and position of an 
imaginary eccentric, which, driving the valve -rod directly, would 
give approximately the same action as A B driving it in an oblique 
manner. 

Valve Diagram for Gooch's Link Motion.— In Fig. 64 let 

A E represent the throw and position of one of the eccentrics in a 
stationary link motion, in relation to the real position of the crank 
A B. Make A C equal to the throw and position of the virtual 




eccentric arm, obtained in the manner just explained. Draw t^e 
vertical C D, which is the characteristic line of the gear, and con- 
tains the extremities of the virtual eccentric arms for all positions. 
By dividing the line D in the same proportion that the block 
divides the link, the equivalent eccentric for that position is 
obtained, and the valve action for that particular position can be 
shown by Zeuner circles. In the figure several positions have 
been taken, and the points of admission, cut-off, <&c., clearly indi- 
cated. 

Crank-Pin Diagram. — In figure 65 a crank-pin diagram has 
been constructed, for full and mid gear, showing, as the charac- 
teristic line indicates, a constant lead for both sn:»des of cut-offl 
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Best Arransrement of Gear.— The stationary link ig more 
sensitiye to the point of suspension than the shifting link, and un- 
less there are strong reasons for not doing so, the point of suspension 
should be placed in the arc of the centre line of the link, and midway 
between die eccentric pin holes. The correct horizontal position 
of K is somewhere on a vertical line which bisects the arc described 
by the central point of the link, J — an arc whose length is equal to 
twice the lap plus twice the lead. Finally, the link J K should be 
as long as convenient. The above conditions have been carried out 
in the design shown by Fig. 61. It is difG.cult to explain why 
these positions are the best ; but plotting down the slip curves for 
various points of suspension will clearly show that they are. 

As to the point G (Fig. 61), it may be anywhere on the radius 
rod, and is often placed half way between the extremities. The 
intermediate link- work between G and the reversing handle M N 
is necessarily one of convenience, the aim being to move the block 
of the radius -rod its full extent by a suitable movement of the 
handle on the reversing lever. To arrange for a movement of from 
2 feet 3 inches to 2 feet 9 inches is a common allowance. When 
reversal is effected by a hand wheel and screw thread, as is com- 
mon in locomotives and marine work, the mechanical advantage 
between the wheel and the lifting link is not restricted in any way. 
To balance the weight of the radius-rod and lifting link, the lever 
H M is made double ended, and carries a balance weight on the 
arm MO. 

The proportions of the Stephenson link given on a previous page 
apply equally to the Gooch link gear, and can be relied upon giving 
good results. 

Allan's Straight Link Motion.— The Allan straight link 

motion is obviously a combination of the shifting and stationary 
>inlr gears. In the present arrangement the link and radius-rod are 
moved in opposite directions. TTbe eccentric-rods may be open or 
crossed. With open rods the lead of the valve increases as the link 
is brought into mid-gear ; but with crossed rods the reverse is the 
case. It will be shown, however, that this variation is somewhat 
less than in the shifting link with the same length of rods ; but as 
the Allan gear occupies more length than the former, the eccentric- 
rods are generally shorter; so that finally, the lead variation is 
little less than with the common form. The two extra joints 
introduced are an objection; and altogether it is difficult to see that 
the straight link gear is an improvement on its predecessors. 
This much, however, may be said; the movement of the link and 
radius-rod being in opposite directions, the vibration of these parts 
between extreme positions is less; and, therefore, in confined 
situations its use may be desirable. Another point in its favour is 
the straight link, which is somewhat easier to construct than a 
curved one. 

In the skeleton diagram, Fig. 66, A E and A F are the eccentrics 
relative to the real position of the crank A L. B C is the straight 
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link connected to the eccentric-rods. The link is supported from a 
point central between the two pin holes, by the lifting link D G. 
This rod in turn is centred upon one end of a double-armed lever 




C H having J for a fulcrum. H K is the radius-rod lifting lin'c 
moving B M in an opposite direction to £ 0. 

In raising the link from mid position to full gear the movement 
is less than would be the case for the shifting link as said, and the 
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inequality of lead is approximately that which would result yy 
moving the link of a Stephenson gear, having the same length of 
eccentric-rods, in amount equal to the distance moved by the Allan 
link. In the shifting link, it has already been shown that the lead 
variation increases as the movement of the link, so that the reason 
of the variation beinj^ less with Allan gear will be understood. 

Diagrram for Allan's Gear. — The location of the centre of the 
weigh-shaft J is an important matter. In the following diagram, 
Fig. 67, A is the centre of the crank shaft, and B C is the link« 
From A as centre, and with A B as radius, describe the arc B L ; 
and from M as centre, and with M D as radius, draw the arc D N 
intersecting B L in N. Join A N and M N. The point N indicates 
the position of the ends of the eccentric- and radius-rods when in 




I 

full gear. Fix upon the suspension point K, in the radius-rod ; 
and from M as centre and with radius K M. describe the arc. 
From A as centre, and with radius A D, describe arc O P. With 
centre N, and radius equal to half the distance between the pin 
holes in link (D B = D C, in the figure), cut the arc O P in Q. Join 
K and Q. The line K Q crosses the centre line A M at S ; and a 
vertical from S contains the proper centre of the weigh-shafb. Let 
the vertical position of the shaft be fixed upon, and lettered J. 
Then the double-armed lever G H should be designed so that the 
bisection of the versed sines of the arcs described by the extremities 
of G H are vertical with the bisection of the versed sines of arcs 
QRandKT. 

The above construction is not imperative, but it is the one that 
gives the easiest running. Sometimes the point of suspension of 
the radius-rod is on the opposite side of the link to that shown 
above, the radius-rod extending past the link 80 to accommodate 
the lifting levers; and sometimes the link is slung from above, the 
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point of suspension being at the lower end of the link. This is th& 
arrangement adopted by Mr. David Jones on the Highland Railway 
goods engines. 

Expansion Gears and Link Motions Combined.— When 

expansion gear is employed in conjunction with link motion, the 
position of the expansion eccentric must be directly opposite the 
crank, if similar action for forward and backward running i& 
desired. 
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CHAPTER IV. 
OTHER REVERSING GEARS. 

CoNTCNTS. — Principle of Radial Gears — Joy's Valve Gear —Diagram for setting 
out Joy's Valve Gear— Joy's Gear on Marine Engine — Hackworth's Valve 
Gear—Objection to Hackworth's Gear — Bremme's Valve G^ear— Practical 
Example of Bremme's Gear— Compaiison of Joy's and Bremme's Gear. 

The defects of ordinary link gears have caused engimeers to seek 
for other means of reversing, which skaM be free from the objections 
to reversing gears of the link type, and which, at the same time, 
shall be quite as simple and effective. This effort has evolved 
several well-known forms of link-work for actuating the valve, to 
which the name Radial Valve Gear is given. 

Principle of Radial Gears.— The general principle of radial 
gears is that of obtaining from some reciprocating or revolving 
piece of the engine, an arrangement of link-work, a point in which 
shall describe an oval curve, and by altering the direction of the 
axes of this curve, to produce reversal, variable expansion, or 
stoppage. 

Joy's Valve Gear. — Of radial gears, the Joy valve motion is 
perhaps the best known. At a suitable point D in the connecting- 
rod (Fig. 68), the link B is connected, its lower extremity being 
guided by an anchor link 0, which has E for a fulcrum ; E being 
carried from a suitable part of the engine frame. The link F is 
guided in a curved slot G, which, together with the movement 
derived from B, constrains the point H to move in an oval curve. 
The valve -rod J is connected to the extremity H, and imparts 
motion to the valve. Plotting down the paths of D, K, and H will 
discover that these points move in paths similar to the dotted curves 
shown in the figure. Now the crank being on the outer dead 
•centre, as shown, and the curved slot G being vertical, it will be 
understood that if the total breadth of the curve described by H 
be equal to twice the lap plus twice the lead, the valve will simply 
move to and fro on the port face, opening each port alternately by 
the amount of lead. This will be the action for mid-gear. Now, 
suppose the angle of the curved slot altered to LL. The path 
described by H will still be of the same form, but altered in 
position : and because of this altered position will impart an in- 
creased travel to the valve. Again, suppose the slot moved the 
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same angle on the other side of its vertical position. The valve^ 
now has the same travel as before; but, because of the altered 
angle of the guide, the valve's motion will commence in the opposite 
direction, thus reversing the engine. It will also be understood 
that, by giving any intermediate position to the slot between the? 




central point and L L, the valve travel is proportionally increased 
or decreased, as the case may be, thus varying the point of cut-off; 
and that any intermediate position between the central line and M M 
will also produce a variation of cut-off; but the motion will be in 
the reverse direction to that caused by having the slot inclined on 
the other side of the vertical 
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The correct method of laying down the various centres of the 
J^oy gear is set forth in a pamphlet issued by Mr. David Joy, the 
inventor. The method is as follows : — 

Diagram for Setting out Joy's Valve Gear.— On the con- 

nectiug-rod A £, take a point C, so that its total vertical vibration 
D D^ is not less than twice the full valve travel, preferably a little 
more.* Through DD^ draw XX perpendicular to the horizontal 
AB; and at the proper distance from AB lay down the centre 
line of the valve spiudle. Mark the extreme position of the point C 
for inner and outer dead centres; and choose such a lever CE 
whose total angle of vibration CEO does not exceed 90"; and 
•carry the end E by an anchor link E F, the mid position of which 
is parallel to the connecting-rod when horizontal. 

Next, on the centre line of the valve spindle produced, and on 
•each sid« of the vertical XX, mark off the points J J' each distant 
from the vertical by an amount equal to lap and lead. From the 
point J draw a line J H, the centre line of a liuk that, by virtue 
of its connection to C E, will move the point K — the point where 
J H crosses the vertical — equally on each side of the central point 
K. The point K is the centre of oscillation of the curved guides 
in which slide the blocks carrying the fulcrum M of the lever J H. 
The position of H is best found by a tentative process ; and to test 
whether the chosen point be a correct one, the equal vibration 
required is marked off on each side of K, and lettered L L. The 
distance L L is equal to the vertical vibration of the point c on the 
connepting-rod, that is, D D'. From D as centre, and with C H as 
radius, mark the point M in the vertical X X ; and with the same 
radius mark off N from D'. M and N are the positions of H when 
the engine is at half stroke, or thereabouts, and these points give 
the total vertical vibration of H. Prom M as centre, and with 
H K as radius, describe an arc cutting the vertical XX; and 
irom N as centre, and with the same radius describe an arc also 
cutting the vertical XX. Then, if the point H be the correct 
•one, the arcs just drawn cut the vertical X X at L and L. Should 
the points of intersection fall bd&w L and L, the point H is too 
near E ; but if they fall c^ove L and L, H is too near 0. The 
«xact position of H is generally found on a second trial. 

The valve -rod J G may be of any convenient length, but the 
•centre line of the slides must be struck with the same radius. 
From the point K draw a line KO parallel to AB; and with 
centre on this line, and with J G as radius, describe an arc contain- 
ing K, and cutting the curves L L, struck from K as centre, in PF'. 
From P or P', and on each side thereof, mark off on the arcs L L an 
amount equal to one and a quarter times the maximum port open- 
ing required, and let BR' be the points. With centres on the arc 
•S S struck from centre K, describe arcs passing through K R and 

* The port opening being determined, the desired point of cut-off, and the 
lead being known, it is possible to estimate the requisite travel by diagram 
1 or 5, pp. 3 and 8. 
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K E'. These arcs represent the centre lines of the curved slots for 
forward and backward gear, and when the latter are in either of 
these positions the point of cut-off is about 75 per cent. Should a 




later cut-off be desired, the slots must be carried still further from 
their vertical position. 

Glancing at the diagram, it will be seen that the fulcrum K of 
the lever J H coincides with the centre of oscillation of the curved 
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slots or guides irhen the crank is on either dead centre. Tt is 
evident IJiat when these points coincide the angle of the guide can 
be altered to any extent without disturbing any other part of the 
mechanism, a state of things which shows tiiat the lead is constant 
for all positions of the reversing handle. 

The inventor's pamphlet goes on to say that when the above 
directions are followed, the leads and cut-offs for each end of the 
cylinder, for backward and forward gear, are practically equal. 

The arrangement of the gear as just described is the most 

effective, but considerable latitude is permissible. For instance. 

Fig! 70. 




Joy's YbIts QeKT applied to Marine E 
the point can be placed above or below the centre line of the 
connecting-rod, and the point K can be raised or lowered, so that 
the line K ia no longer parallel to A B ; but it is not advisable 
that the line should have a greater inclination to A B than 4°, or 
thereabouts. Again, the anchor link may be dispensed with, the 
point J being guided in a slide affixed to some convenient part of 
the engine. 

For vertical engines the same rules apply by placing the diagram 
vertically, and altering relatively the terms "vertical" and 
" horizontal," 
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The valve motion arising from the link-work of this gear is 
superior to the ordinary eccentric motion. If the movement of the 
parts be traced round for a complete revolution of the crank, it will 
be found that when opening and closing the steam ports the valve 
travels rapidly ; but during expansion and exhaust the movement 
is slow. Another advantage, in the case of locomotives, is the 
space saved on the crank shaft, due to the absence of eccentrics, 
whereby longer journals and crank pins are obtainable. 

Joy's Gear on Marine Engine.— As an example of the gear 
applied to a marine engine, the annexed figure (70) from Seaton's 
Mcmual is presented. The reversing wheel actuating the worm 
gearing with the toothed sector is clearly shown. The curved 
guide is here dispensed with, the end of the reversing sector carry- 
ing a lever which has the same function. 

HackWOrth'S Valve Gear. — Hackworth's Valve Gear, shown 
diagrammatically in Fig. 71, consists of an eccentiic AB placed 



rig 71, 




Hackworth's Valve Gear. 

directly opposite the crank AC, actuating the eccentric- rod BD, 
the extremity of which is constrained to move in a straight guide 
F. the angle of which can be varied similarly to the guide of the 
Joy gear. A point L in the eccentric-rod is employed to give the 
valve movement. It will be seen that when the position of the 
guide is horiz mtal, the point L will describe an oval curve, whose 
major axes is parallel to F. When the direcdon of the guide is 
altered the axes of the curve vary correspondingly, and the motion 
imparted to the valve is increased. The gear is so set out that 
when the crank is on dead centre the point D coincides with the 

6 
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centre of oscillation of F. It is clear, therefore, that F can be 
pulled over in any direction without disturbing the lead. 

The paths of L corresponding to the three positions of tlie guide 
F are shown. Let the horizontal G G be drawn on each side of 
the liorizontal A B, and removed from it a distance equal to the 
outside lap. The port opening for each position will then be 
indicated ; and from the figure it appears that when the slot is 
horizontal, the maximum port opening is only equal to the lead. 

Objection to Haekworth's Gear.— Theoretically, the Hack- 
worth Gear is a very perfect device, but in practice it is found that 
when the guides are inclined the movement of D is not easy, and 
considerable wear takes place. The appliance is now little used. 

Bremme's Valve Gear.— In the Bremme Gear, the objection 
to a slide block working in an inclined guide is avoided by the 
manner of guiding the point of the eccentric-rod ; whereby this 
point, instead of having motion in a straight line, describes an ara 
Fijs:. 72 will render the action clear. 

biagrram of Bremme's Gear. — The eccentric AB, whose 

position coincides with the crank AC, actuates the eccentric-rod 




Bremme's Valve Gear. 

B D, which, at a point H, is constrained to move in an arc having 
a radius equal to the suspension lever G H, and a centre at G. 
When the lever G H has the position shown, the crank revolves in 
the direction indicated. Now let the reversing lever G F, having 
a fulcrum at F, and the same length as G H, be pulled over to E. 
The point G of the lever G H now coincides with E, and the arc 
in which H is constrained to move has its centre at K This 
changes the direction of the axis of the oval curve described by D, 
and consequently produces reversal of the engine. 

As in the gears already described, the mechanism is so set out 
that the guided point of the eccentric-rod coincides with the centre 
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of oscillation of the reversing lever each time the crank is on the 
dead centre, thus producing equal leads. The angle of the revers- 
ing lever G F from the central line, and known as the ** deviation " 
angle, should, the inventor states, never exceed 25° on either side. 

The fact of the point H moving in an arc produces inequality in 
the valve's motion on each side of its central position, which causes 
cut-off and compression to fall earlier in the down than in the up 
stroke ; but so far from this being an objection, it is an advantage, 
for the increased compression serves to neutralise the downward 
momentum of the piston-rod and connecting-rod. 
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Practical Example of Bremme's Gear.— Fig. 73 show» 

a form of the Bremme gear in its practical application to 
vertical marine engines. The reversing handle G H moves the 
reversing arm by means of a wiper rod and short drag link. The 
suspension-rod AB is slung from the extremity of the reversing 
arm, and carries the eccentric-rod at its lower end. In the figure 
the reversin<^ arm has been purposely omitted in order to avoid 
confusion with the suspension- rod AB. The centre line of the 
former, however, is drawn, and also its extreme position on the 
other, side of the vertical, the total angle of deviation in this 
instance being 40°. The valve-rod C T> and the reversing handle 
are in front of the engine, the latter being locked in any position 
by an arrangement carried on one of the engine stanchions. 

Comparison of Joy's and Bremme's Gear.— Comparing 

the merits of the Joy and Bremme gears, it would appear that for 
locomotives the Joy gear is to be preferred ; but Bremme's gear is 
the best adapted for marine work. It would be somewhat difficult 
to arrange the Bremme gear with its eccentric-rod and reversing 
arm underneath the locomotive boiler, so as to be compact and 
clear the various parts. In marine work, however, the case is 
diflferent. Here the space for the eccentric-rod and levers is usually 
abundant, and the reversing lever can be conveniently situated. 
The movement of the parts of the Bremme gear is considerably less 
than that of the parts of its rival, and this is a consideration in the 
engine room of a steamship where space is limited, and where it is 
necessary for the attendants to be in close proximity to the working 
parts. . 

The objection to radial gears, as a class, is the number of parts 
in continual wear. These parts, unless very substantial and ad- 
justable, soon work loose, and cause rattle, besides disturbing the 
valve action. But given good design and first-class workmanship, 
there is no reason why radial gears should not wear as long as link 
motions, and the former have undoubtedly considerable advantages 
in the direction of improved steam distribution. 

The subject of radial gears is too recent and little known to 
enable reliable rules to be given for proportioning the size and 
strength of the various details. Information on this matter is much 
wanted, and it is to be hoped that engineers, before long, will come 
forth and give the benefit of their practice and experience. 
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PART 11. 
CORLISS VALVES, 



CHAPTER I. 
GEARS WITHOUT TRIP MOTION. 

Contents. — Advantages of Corliss Gears — Classification of Corliss Gears — 
Valve Gear without" Trip Motion— Effect of Wrist Plate — Reduction of 
Dwelling Angle —Location of Wrist-Plate Pin — Rulesfor Diameter of Valves 
— Angle of Vibration — Position of Levers — Valve Diagram for Corliss 
Gear— Proportions of Steam Valve and of Exhaust Valve— Double-Ported 
Valves— Equilibrium Corliss Valve— Crank-Shaft Governors applied to 
Corliss Valves — Diagrams of Valve Motion. 

About the year 1850, G. H. Corliss constructed the form of valve 
which bears his name. Since that time the Corliss valve and its 
operating mechanism have been modified and improved, until they 
have attained their present state of perfection, and seem to have 
settled down to certain designs, which it appears difficult to better. 
Advantages of Corliss Gears.— The Corliss valve may be 
briefly described as being of cylindrical form, working on a cylin- 
drical face, and vibrating on its longitudinal axis. It is the outcome 
of an effort to produce a valve gear which would present the 
following advantages : — 

1. Minimum of power to actuate the gear. 

2. Smallness of clearance spaces. 

3. Adaptability to close governing. 

4. Good steam opening ; instantaneous cut-off; and free exhaust. 

Classification of Corliss Gears.— it will be convenient to 

classify Corliss gears under three heads : — 

1. Gears without trip motion. 

2. Single eccentric gears with trip motion. 

3. Double eccentric gears with trip motion. 

The first class is seldofn used. The valves have a positive 
connection with the eccentric, the travel is constant, and the point 
of cut-off invariable. 
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In the second class, the steam valves have no positive connection 
with the eccentric, but are opened by catches against the resistance 
of a dashpot, and released at some point of the stroke determined 
by the governor, or otherwise. The exhaust valves are positively 
connected to the eccentric and receive a constant movement. 

The double eccentric gear is the form usually made in this 
country. In this class the steam valves are operated in the same 
manner as in the single eccentric gears, but the exhaust valves are 
driven from a separate eccentric. 

As the action of the first class embodies that of gears with trip 
motion, it will be conveniently discussed at the outset. 

Valve Gear without Trip Motion. —Fig. 74 shows an 

arrangement of Corliss motion without trip gear. A A' are the 
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CorliBB Motion withont Trip Gear. 

steam, and B B' the exhaust valves. These valves are actuated by 
the eccentric through the medium of the wrist plate C and the 
wrist plate rods D E F G. When the piston is at the beginning of 
the stroke and about to travel in the direction of the arrow, 1)he 
valve will be open a certain amount. This will be lead. At the 
same time B' will be open for exhaust, and the valves A' and B 
will be closed. The figure shows the wrist plate in its central 
position, at which time all the ports are closed as indicated. It 
will be remembered that when a slide valve is in its central position 
both steam and exhaust ports are closed, assuming that there is no 
inside clearance ; and the probable position of the piston would 
then be about 10 per cent, from the end of the stroke. The same 
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condition of things occurs in Corliss gear when thd piston is at the 
same point of its stroke, a position indicated by the dotted lines in 
the figure. Now it will be easily seen that the front steam valve A 
has the same function as the front steam edge of an ordinary valve, 
the back steam valve corresponds to the back steam edge of the 
slide valve ; whilst the front and back exhaust valves produce the 
same distribution as the front and back exhaust edges of the slide 
valve. Bearing this in mind the action of the four valves is at 
once understood. 

Effect of Wrist Plato.— The presence of the wrist plate modifies 
the motion of the valves due to the eccentric to a considerable 
extent; and the location of the valve-rod pin on the wrist-plate pin 
is one of the important points in Corliss work. In Fig. 75 is shown 
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I 
Steam Valve Lever and Wrist-Plate Rod in three positioiuu 

the centre lines of the steam valve lever and wrist-plate rod in 
three positions. The wrist plate, by. virtue of its connection with 
the eccentric-rod, oscillates through an angle of 33° on each 
side of its central position, denoted by the line A B ; but, by the 
particular location of the wrist-plate pin B, the valve lever CD 
swings ^' through an angle of 28° on one side of the position CD, 
and 51° on the other. 

The advantage of this translation of the eccentric's motion will be 
explained. When the wrist-plate lever is at G, the valve covers 
the port by an amount equal to the lap pltcs the angle D C C taken 
at the valve circumference. Now, so long as the valve opens to 
steam at the proper instant, it matters not what its motion between 
O and D may be, because all that motion, so far as this particular 
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valve is concerned, is uxeleu. This movement is known as the 
" dwelling " motion ; for daring the time it is being worked through, 
the valve is merely idling over the port. From what has been 
Bnid, it is apparent that the leas the dwelling angle the better ; and 
onn advantt^e of the wrist plate is this, that it permits of the 
dwelling angle being kept small If there were no wrist plate — 
the eooentric-rod coupling directly to the valve lever D — the 
dwelling angle would be half the total angle moved through by 
the valve. 

Reduction of DwelliOEr Anrfe.— in very large engines, the 
advantage of a small dwelling angle becomes more pronounced, and. 



Low-PresBure Gear of Engine designed by Hick, Hargreavei ft Co. (by permiuioa of 
BnginaHng, Ltd.). 

, cognisant of this, Messrs. Hick, Hargreaves & Co., Bolton in one 
of their large vertical engines, have gone so &r as to introduce an 
additional lever and rod to actuate the exhaust valves; and by 
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this means to reduce tbe dwelling angle to a considerable extent. 
The accompanying illustration (Fig. 76) is a perspective view of the^ 
low-pressuve gear of the engine referred to ; from which a good idea 
of the motion may be gathered. On the exhaust side (the left-hand 
side of the figure) is seen the idling lever and its connection with the 
wrist plate. Without at present attempting to describe the steam 
portion of the figure, it may be stated that the trip motion is the 
well-known Inglis and Spencer gear ; and that the large size of the 
valves necessitated the use of double dashpots ; an arrangement 
whose advantages will be appreciated when trip gears have been 
discussed. 

Another advantage which the wrist plate possesses is the quick 
steam opening that can be obtained by a suitable location of 3 < 
(Fig. 75). In Fig. 76, the lap of the valve is indicai ed, and also the 
position of the valve lever when the port is open for lead. The 
corresponding position of the wrist-plate pin is J. The anglo 
JAF is 22", and the angle KCH, 35". From K to H is the 
opening angle of the valve, and it will be understood that the 
quicker this angle is worked through, the better the steam line on 
the indicator diagram. Angles JAF and KCH are both worked 
through in the same time, so that tbe port opening is quicker in tho . 
proportion of f f : 1, than would be the case if there were no modi- 
fication of the eccentric's motion. The rapid movement through 
the angle K H throws little extra work on the wrist-plate pinft 
and rods; for when the valve is moving through the dwelling angle, 
the whole of its surface is under the influence of unbalanced steam 
pressure; but when the port is open and an equal pressure is 
established in the cylinder and valve chamber, the only surface is 
the width of the facing on the back edge of the port. This distance 
is indicated by L in Fig. 75. 

Location of Wrist-Plate Pin. — Whilst endeavouring to keep 
the dwelling angle small, it must not be forgotten that by placing 
the wrist-plate pins too near the horizontal centre line of the wrist 
plate, the motion will give a double stress on the wrist-plate and 
valve-lever pins. This should be avoided. In Fig. 75, the centre 
line of the wrist-plate rod in its extreme position is above the line 
passing through the extreme position of the valve-lever pin and the 
centre line of the wrist plate; thus showing that no double reversal 
of stress occurs. In all wrist-plate gears, the line A M should be 
the limit of the wrist -plate pin's movement on that side of its 
central position. The location of B is also governed by the end/ 
of tl»e valve-rod, it being evident that the pins must be sufficiently 
wide of each other to clear the ends ot tbe rods. Sometimes, how- 
ever, one pin on the vertical centre line of the wrist plate has been 
used for both rods. 

Rules for Diameter of Valves. — The diameter of valves for 
any given size of cylinder is the next point to consider. This size 
is usually determined from some empirical formula. It is customary 
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to let one size of valve serve for several sizes of cjliaders, thus 
effecting a saving in templets and patterns. The rule 

rf=3 +2 

expresses very closely the relation between the size of cylinder and 
valve. Here d and D are the diameters of the valve and cylinder 
respectively. 

The exhaust valves are sometimes made larger than the steam 
valves. Then 

would give a result conformable with modern practice.* The length 
of the ports on the valve face is in nearly all cases made equal to 
the diameter of the cylinder, and, having the length decided upon, 
decides the width. 

The length of the valve lever is usually proportioned from the 
diameter of the valve, although in some cases it is governed to a 
certain extent by the trip motion. A rule agreeing well with 
practice and allowing an increasing leverage for high pressures is 
as follows : — 

Ijength of lever = 1*7 x radius of valve + ^ inch for every 10 lbs. above 
100 lbs. initial pressure. 

Angle of Vibration. — The angle of movement of the valve 
levers is usually made from 60* to 70°. The dwelling angle 
plvs the lap angle has to be worked through before any port 
opening is obtained, so that the remaining movement is left for 
port opening. If the wrist-plate diagram has been laid down, the 
movement of the valve on the face is at once seen ; and when the 
lap angle has been indicated, the amount of travel left for port 
opening is shown. It is advisable that this should slightly exceed 
the width of the port in order thac a full port opening may be 
obtained early in the stroke. Should the angle shown not be great 
enough to give the over travel, a little alteration in the position 
of the wrist plate pins would perhaps effect all that is required ; 
care being taken that the angles which the valve lever and wrist- 
plate rod make with each other are easy. In any case it is not 
advisable to make the angle between these points greater than 
140** on the one extreme position, and less than 50^ on the 
other. When these limits are reached in each direction, the 
angle moved through is about 90°, which is rather, excessive. 
Nevertheless, continental engineers have frequently exceeded these 
limits, without experiencing any trouble in working. If the neces- 
sary movement cannot be obtained except by exceeding the above- 
named limits, the valve will have to be increased in diameter, or 
■else a double-ported valve must be used. It should be stated that 
none of the above rules will suit all cases! The wrist-plate diagram 
is more one of convenience than of exact construction. If all the 

* These rules are from the Mechanical World Pocket Diary, 
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angles &n easy, and the ralTes give the necessary port opening, the 
designer may be satisfied as to its satisfactory working. 

Position of LOTOFS. — In arranging the exhaust-Talve levers it 
u necessary to consider the position of the port. Two arrange- 
ments are shown in the following figures. In Pig. 77 the exhaust, 
port is towards the centre of the cylinder. In opening, the valve 
moves in the direction of the arrow, and to give this action at the 
proper period the exhauaU lever must have the positioQ shown by 
the sketch. In the second case the exhaust port is remote from tl t> 



PoaiUOD of Levers. 

centre of the cylinder. This necessitates the valve lever being 
placed as indicated. Whatever the position of the port, the exhuuat 
valve must be moving in the closing direction when the steam 
valve for the same end of the cylinder is opening. 

Some Corliss engines have both steam and exhaust valves 
situated faelow the cylinder. This arrangement, although perhaps 
giving rather less clearance than the ordinary disposition of valves, 
is open to the objection that one port serves for both live and 
exhaust steam ; a stote of things not agreeable to the modem notion 
of economical working. The accompanying sketch, Fix- 79, shows- 
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Fig 79 




Arrangement of Steam and Exhaust Valves. 
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the Talvea disposed in this manner, vhereio A is the steam, and B 
the exhaust valve. The latter is of the double-ported type in order 
to reduce the angular movement. The exhaust valve is arranged to 
drain the cylinder in a very efficient manner and thus obviating 
the use of dntin gear. The relative positions of steam valve, 
exhaust valve, and piston are indicated, and the arrows show 
the direction of movement at thia particular position. 

Valve Dia^^m for Corliss Gear. — The amount of steam lap 
required to cut-off at any given point of the stroke is obtained in 
the manner shown by Fig. 80. Here E is the radius of the wrists 
plate pin, and its central and extreme positions are marked A, B, 
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Valve Diagram for Corliu Gear. ^^ 

«nd 0.. Draw the line BO oonnecting the extreme positions, and 
on this line'as a diameter describe the circle. Im^ine this circle to 
represent tite path of the crank pin. Let it be required to cutotf 
when the crank is in the position A D, which in this instance is 
about 87 per cent. (JFrom jTia centre, and with a i-adius equal to 
the lead, describe tfib circle. The line D B diawn as a tangent to 
the lead ciMe determines the lap circle E F. At F erect a perpen- 
dicular to meet the' circle in G. The line F C crosses the radios- • 
line of the wrist-plate pins at H. H is the position of the wrist 
plate pin when the valve opensT From H, and with the length of 
the wrist-plate rod as radiils, draw an arc cutting the valve lever 
iradius at J. Tben^ in order to cutoff at the required point, the lap 
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at the circumference of the valve must be equal to the distance 
between the mid position of the valve lever K L, and the line K J, 
taken at the circumference of the valve. When the wrist plate i» 
in its central position, both steam valves will cover the port by the 
amount given by the foregoing construction, and this amount is the 

lap of the valve. d^5Ji^y^ ^^ ^ /^^ ^ *^' 

This construction is faulty , insomuchdthat it assumes the radius 
of the lead circle on the line B G. The lead at the circumference 
ot the valve may be known, but this does not give the amount of 
motion on the line B C to produce it. It is known that the valve 
lever is somewhere between K L and K M when giving lead ; and 
it is easy to assume a position of the valv^ lever at lead, and find 
the requisite motion of the wrist plate to give that amount, and 
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Exhaust Valve Diagram. 



thus get the lead circle on BO very near the truth. Then the- 
diagram may be constructed with this approximate amount ; and 
should it be found inaccurate, a second trial will give a result 
sufficiently approximate for all practical purposes. 

Fig. 81 shows the construction of the exhaust valve diagram. 
The motion of the wrist-plate pin is indicated, and also that of the 
exhaust valve lever. Connect the extreme positions of the wrist- 
plate pin by a straight line; and on this line as diameter describe the 
circle. This will represent, as in the steam diagram, the path of 
the crank pin. Now the angular advance of the eccentric is given 
in the steam diagram. Fig. 80, and is indicated by the letters 
N A O. This angle being known, the position of the eccentric for 
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any position of the crank is also known. Let D represent the 
position of the crank at release. The corresponding position of th« 
eccentric is E ; the angle E C D being equal to the angle O A C, 
Fig. 80. Draw E F parallel to G C, cutting the wrist-plate pin 
arc in H. From H as centre, and with the length of the exhaust 
valve rod as radius, describe an arc cutting the valve lever arc in 
J. Draw K J, which will be the position of the valve lever when 
release occurs. The central position of the lever is K L, and there- 
fore the distance between the lines K J and K L on the valve 
circumference indicates the amount of exhaust lap that is necessary 
to produce release at the pre-determined point. In the present 
instance the lap is of a. positive character, and the exhaust valve 
closes the port by the amount obtained, when the wrist plate is in 
its central position. If the line K J fell on the opposite side of 
K L, there would be clearance or negative exhaust lap, whilst the 
coincidence of these lines would denote that the port and valve 
edges were edge and edge, when the wrist plate was central. 

If the length of the exhaust valve wrist-plate rods is adjustable, 
as it ought to be, the equalisation of release or compression for front 
and back strokes is a simple matter. This is most conveniently 
done when the engine is erected, and the eccentric coupled up. 
The exact lengths of the rods can then be obtained, and indicated 
by centre marks thereon. 

Proportions of Steam Valve. — Fig. 82 shows the construction 
of a Corliss steam valve^ and also indicates the proper dimensions 





Proportions of Corliss Steam Valve. 

of the face. The distance B is equal to the lap as found by the 
construction of Fig.»80. The dimension D must be sufficient to 
lap the back edge of the port when the valve is in its extreme 
position. D must therefore be equal to the dwelling movement 
taken at the valve circumference, plus^ say, \ inch to insure 
tightness. The connection of the spindle with the valve is made 
by a palm forged on the spindle, and fitting into a recess at the 
end of the valve. This construction allows the valve to bed to its 
face and follow up any wear, and at the same time permits the 
valve spindle to work in its bearings without constraint. TLe 
spindle is shown provided with a stuffing box and packing gland. 

7 
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This is the most usual construction, but in many cases the packing 
is dispensed with altogether; the valve spindles being made to 
work in long bushes accurately bored to suit them. In practice^ 
this method of construction is very satisfactory, and valve spindles 
thus fitted have been known to run many years without permitting 
a breath of steam to escape. It is certainly the more mechanical 
arrangement, and when once in order requires no attention. The 
friction of a stuffing box is always an unknown quantity, and at 
times may become excessive and cause undue stress on the pins. 

Proportions of Exhaust Valve. — A section of an exhaust 

valve is shown by Fig. 83. The negative lap is indicated by A. 
B must not be less than the active angle of movement taken at the 
valve circumference, otherwise the valve will close the port C, and 
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Section of Exhaust Valve. 

the exhaust will be throttled. D should be a little more than the 
movement of the valve circumference during dwelling period, in 
order that the valve may not re-open the port by its back edge. 

Double-Ported Valves. — If desirable, the exhaust valves may 
assume the double-ported form. This type permits of a consider- 
able reduction of travel compared with the single-ported valve. 
With most English makers it is customary to make both steam and 
exhaust valves the same diameter, and when the angle of movement 
for the steam valves is great, it may happen that the requisite angle 
for the exhaust valves will be still greater and exceed the limits iot 
safe working. In cases of this sort a double-ported valve is conr 
venient. 

The annexed figure illustrates the double-ported Corliss valve ; 
the correct dimensions for the face are as follows : — A is the width of 
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the port in the cylinder. The width of the valve face B is empirical. 
Then the width of the exhaust port "f A + B. D not less than 

Fig 84- 
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Double-Ported Corliss Valve. 
Fig 85. 
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Proportions of a Double-Ported Corliss Valve. 

the movement of the valve circumference during dwelling angle, 
plvs an amount for tightness. The arrow denotes the direction of 
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the opening movement, whilst the dotted lines show the position 
of the valve when full open. The valve should be designed to 
take up as much of the chimber as possible without wire-drawing 
the steam, so as to reduce clearance. 

The double-ported form may, of course, be applied to the steam 
valves, and this is often done in large sizes. The form and propor- 
tions of such a valve are here shown. A and B are equal to the 
lap as found by construction. The width of the port at D is what 
would be necessary for a single-ported valve ; but at C the width 
is D + F, so as to maintain a full opening. E and G should be 
equal to the movement of the valve circumference during^ dwelling 
angle, plus a suitable amount for tightness. The width Ffas before, 
is determined by practical considerations. 

Equilibrium Corliss Valve. — In order to still further reduce 
the travel the form of valve shown by Fig. 86 may be employed. 

Fialae 
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Equilibrinm Oorliss Valve. 

In opening, the movement is in the direction of the arrow, steam 
being admitted at the openings A and B as well as at and D. 
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The opening E extends for half the length of the port in the 
cylinder, as is shown by the elevation view. It is strange that this 
valve is so little known, or, if well known, so little employed, for it 
has another advantage besides that of reduced travel. An inspec- 
tion of the figure will show that at all points the valve is in perfect 
equilibrium, and that the only resistance to motion is caused by 
the friction due to the weight of the valve and the friction between 
the valve spindle and its stuffing-box. It may be objected that 
because of the peculiar form any wear that takes place cannot be 
taken up; but where there is no friction there can be little. wear, 
and in practice the valve has proved a success. Its use entails 
rather mdre clearance than the ordinary type, but if the valves 
were placed at the ends of the cylinders, instead of at the top and 
bottom, in the usual manner, the clearance would still be less than 
that of most Corliss engines of the present day. It should be added 
that an engine fitted with this form of valve on the high-pressure 
cylinder was exhibited at the Paris Exhibition by MM. H. De' 
Ville-Chatel & Co. 

Crank-Shaft Governors applied to Corliss Valres.— The 

combination of a crank-shafb governor and Corliss valves forms a 
very good arrangement, but one which has not found much favour 
in this country. The action of crank-shaft governors having been 
discussed in the first part, further description is unnecessary. It 
may be necessary to state, however, that the governor must alter 
both the angle of advance and the throw of the eccentric, in order 
that the lead shall be constant. A governor of the form shown in 
Fig. 44, Part 1, will not do; but the Westinghouse governor. 
Figs. 46 and 47, Part 1, is particularly suitable. It is advisable to 
employ a separate eccentric for the exhaust valves, so that com- 
pression may not be excessive when the engine is running light. 
The separate eccentric also relieves the governor to a considerable 
extent. 

The annexed illustration shows an engine cylinder with Corliss 
valves; the cut-off being controlled by a crank -shaft governor. 
In this case, the valves are located in the covers, and are of the 
balanced type just described. Separate eccentrics for the steam and 
exhaust valves are employed ; and wrist plates, as will be noticed, 
a^e dispensed with ; each valve receiving its motion direct from a 
rocker arm to which the eccentric-rod is connected. This valve 
gear is specially suited for high -class quick-running engines. It *jt^ 
has the simplicity of slide valve gearing without the Q^onfiOBaJtapt >*^^>^^^^ 
defects of the latter ; and, for quick running, has advantages over 
ordinary Corliss gears which will be fully understood when trip 
gears have been dealt with. The steam branch is below the cylinder ; 
steam passing through a belt cast with the cylinder to the **E" 
pipe, and thence to the steam valves. The exhaust branches are 
below, and serve as feet by means of which the cylinder is secured 
to the foundations. 

Diagr&ms of Valve Motion. — ^The accompanying diagi^ms 
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illustrate the action of the steam valves. The horizontal axis A 6 
represents the stroke of the engine ;. whilst the extreme width 
represents the travel of the valve. The stroke is divided into ten 
equal parts, and the points at which these divisions intersect the 

Fig 88. 
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diagrams show the distance of the valve from its central position. 
The shaded portion shows the port opening, and the fact of the 
diagram passing beyond the line C D denotes that the valve has 
over travel. In the left-hand diagram the valve has its maximum 
travel, and the point of cut-off, C, is latest. At the earliest cut-off, 




the diagram assumes the form shown by the right-hand figure. The 
lap, of course, remains the same, but the travel is reduced, and cut-off 
is consequently at C. Below the ellipse diagrams are shown the steam 
distributions for the early .and late cut-off by Zeuner's method. 

The diagrams for the exhaust valves are shown in Fig. 89, from 
which it will be seen that the valves have over-run ; consequently, 
the port is full open at A, and remains so, until B is reached. 
Belease and compression are at C aud D respectively. 

This description concludes the remarks on Corliss gears without 
trip motions. 
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CHAPTER 11. 
SINGLE ECCENTRIC GEARS WITH TRIP MOTIONS. 

CoNTKNTS.— Principles of Trip Gears — Advantages of Trip Gears— The 
Reynolds Trip Gear — Diagram showing Range of Trip — Diagram for 
Reynolds Trip Gear — Clearance of Catches— Movement of Trip Levers— 
Cause of popularity of Corliss Gear in America— Arrangement of 
Link-work. 

Principle of Trip Gears. — The class of Corliss gears fitted 
with trip motions has now to be considered. In mechanisms of 
this description, the steam valves are not in positive connection 
with the eccentric, but are moved by it against the resistance of a 
spring, weight, or vacuum. The eccentric-rod, or some other rod 
connected thereto, is provided with an arrangement whereby it 
engages with the valve lever, and communicates its motion to the 
steam valves in the opening direction only. This engagement is 
broken at a certain position in each revolution, determined by the 
governor, or by hand, and the valve, freed from all connection with 
the eccentric, is at once closed by the springs or whatever may be 
employed for the purpose. 

Advantages of Trip Gears.— The arrangement just described 
has several important advantages. The first and most valuable 
is the way in which the governor controls the engine ; cutting off 
steam at the point requisite to maintain a uniform speed, and 
doing so in a manner that relieves it of almost all influence due to 
the valve ; the function of the governor being, not to close the 
valve, but to determine when it shall be closed. 

The second advantage that trip gear possesses is the practically 
instantaneous cut-off that results from its operation. The steam 
valves, as previously remarked, are opened against a resistance, 
which, at the proper instant, closes them with a rapidity and 
precision altogether unattainable by any motion derived from a 
reciprocating or rotating part of the engine. This cut-off, indeed, 
' is so rapid, that an indicator diagram from a cylinder fitted with 
trip motion and receiving boiler steam can always be distinguished 
by the sharp corner at cut-off. 

The Reynolds Trip Gear.— As a typical example of trip 
motion the Reynolds gear is selected and illustrated by Fig. 90. 
This gear is the invention oif Mr. Reynolds of the E. P. Allis 
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Company, Milwaukee, America, in which country it is most 
common. The patent right of the invention having expired any 
one is at liberty to manufacture the gear. 

In Fig. 90 the double-ended lever A, to which the wrist-plate rod 
B is connected, swings loose upon the valve spindle C. This lever 
carries on its upper end a trip hook J), supported by a pin fixed 
in the lever A. The lever E is keyed on the valve spindle, and 
thus imparts any motion which it may receive to the valve. F is 
a square pin fixed in the lever E^ and fitted with a steel catch or 




Reynolds Trip Gear. 

face as shown by the figure. On the lever E, and between the 
valve spindle C and the square pin F, another pin is provided. 
This pin G has a continual downward force exerted upon it by the 
dashpot through the medium of the dashpot-rod H, and will, there- 
fore, unless prevented, always occupy its lowest position. A steel 
catch on the trip hook engages with the steel catch on the pin F ; 
and while this engagement holds, any movement of the lever A in 
the direction of the arrow will draw up E through the medium of 
the trip hook, and E, being fast to the spindle, moves th^ valve. It 
will be seen that if by any means the catch on F becomes released 
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from the trip hook, the lever E will at once descend to its lowest 
position, and in so doing close the valve. It only remains to 
devise a means of effecting the disengagement at any desired 
instant, and the essentials of a trip gear are obtaired. The method 
of accomplishing this disengagement is as follows : — The lever 
J, situated between the levers A and E, is loose upon the valve 
spindle. On the boss of this lever is a steel piece which projects 
above the surface of the boss. The inner limb of the trip hook 
rests upon this boss, being kept in position by the steel spring K 
encircling its upper half. During the motion of the wrist-plate 
level A in the direction of the arrow, the trip hook is carried up, and 
because the steel catch thereon engages with the catch on the dash- 
pot lever E, the latter also rises. This state of things will continue 
until the limb of the trip hook strikes the steel piece on the boss of 
lever J, when the hook is caused to oscillate upon its pin, and in 
so doing forces the steel catch clear of the catch on the dashpot 
lever, which is at once dragged down by the dashpot. From a 
consideration of the motion it will be seen that there is a sort of 
sharpening action on the catches when at work, whereby the edges 
remain in good condition for a considerable period. The steel 
catches are secured to their respective levers by small bolts as 
shown, and are sometimes designed so as to be reversible, thus 
presenting eight edges for wear. 

It is clear that by varying the angle of the trip lever the 
position of contact of the projecting piece thereon with the limb 
of the trip hook is also varied ; and it is also clear that if J be 
connected to the governor in a suitable manner, the latter will 
have control over the cut-off i)y determining the point at which the 
lever E is released. 

Diagram showing Range of Trip.— A study of Fig. 90 will 

reveal one important fact — namely, that tripping can only take 
place when the w^rist-plate lever is moving in the opening direction. 
This statement is common to so many gears that it may be laid 
down as a rule. 

Let A B, Fig. 91, represent the crank of an engine, and A C the 
eccentric having an angle the cosine of which is equal to lap plus 
lead. As drawn, the engine is on the back dead centre, and the 

. 'J f steam valve at that end of the cylinder would be open to lead. 

/. f- The eccentric is moving the valve in the opening direction, 
and will continue to do so until it reaches A D. The angle of 
advance G A B is unaltered, and, therefore, when A G is at A D 
the crank is at A E, angle DAE being equal to angle GAB. 
The eccentric now returns, and unless the trip has operated 
before this return motion has commenced, it will not do so 
during that stroke. Therefore, with an eccentric set in the 
position A 0, the total range of tripping is only from B to F, 
in this instance about 25 per cent, of the stroke. Such a range, 
however, is scarcely suitable for many cases, where it may be 
requisite on heavy loads to carry on steam to 50 or 60 per cent. ; 
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and at other times, when running light, to say 20 per cent. only. 
With the setting shown by Fig. 91, if the trip missed, steam would 
carry on till the crank reached A G, the valve then cutting off by 
virtue ot its lap. Thus it is seen that between AE and A G the 
governor has no control over the steam. 




Now take the case of an eccentric set in, the position AG, 
Fig. 92. . The letters in this diagram correspond with those in, 
the previous figure. Here it is evident that tJie range of trip is 
considerably increased, being now B F, about 78 per cent. When 

Fig $2 




A— 



the crank is at B, the valve is open to lead as before, but when 
the eccentric is in this position, the crank will be at A H, angle 
H A B being equal to angle CAB. In order to give the desired 
amount of lead, the valve must cover the port by an amount equal 
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to J B minus lead, when the eccentric is at A B, and J B minus lead 
is therefore the lap of the valve. This diagram, so far as admission 
and raDge of trip are concerned, is perfectly satisfactory ; but to 
attempt to work the exhaust valves from such an eccentric is 
altogether out of the question ; hence, when a range of trip such 
as is here shown is required, it becomes necessary to employ a 
separate eccentric for the exhaust valves. 

Diagram for Reynolds' Trip Gear,— The valve diagram 

for a single eccentric gear is given in Fig. 93. The construction 

Fig $3 




is as follows : — From the line A B the position of the valve 
lever when the wrist plate is in its central position, mark off 
on the valve circumference the lap and lead ; and through the lead 
point draw the centre line of the valve lever A C. From C as 
centre, and with the length of the wrist-plate rod as radius, 
describe an arc cutting the path of the wrist-plate pins in D. 
Draw the line D H perpendicular to the line joining E and F, the 
extreme positions of the wrist-plate pin. Then with the lap and 
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lead chosen, the correct position of the eccentric is given by the 
line J H. The range of trip will be from J F to J H. Should the 
trip miss, steam will run on to about JK/when the valve will 
<5ut-off by virtue of the lap. 
• The exhaust portion of the diagram is shown in position indi- 
cating compression at M N and release at M O. These poiots, in 
consequence of the small angle of the eccentric, are rather late in 
the stroke, but unless the lap of the steam valve be improved, this 
distribution cannot be improved. Increasing the lap means in- 
creasing the angle of the eccentric, and, therefore, a reduction of 
the tripping range. Thus, excellence in one point can only be 
purchased by defect in another ; and herein lies the /obief objection 
to single eccentric gears. [j^ 

In the above instance the lap has been assumed,- and the correct 
position of the eccentric determined from it; but the better method 
is to fix upon some angle of eccentric, and by reversing the pro- 
cess just described, to find the lap. An angle of 15** has been 
employed in some cases. This angle gives a fair range of trip — 
about 37 per cent., whilst compression and release, although some- 
what late, are not exceptionally untimed. 

Clearance of Catches. — it now becomes necessary to revert 
to Fig. 90 to consider the movement of the dashpot and trip levers. 
The length of the trip hook and the angle between the two arms of 
the lever A should be designed so that the dashpot lever, when 
making the latest trip, vibrates equally on each side of the hori- 
zontal centre line of the valve spindle ; and the dashpot should be 
placed so that its centre line bisects the versed sine of the arc 
described by the pin G. When disengagement takes place, the 
dashpot lever at once descends to its lowest position, and remains 
there till the trip hook catch comes down to engage the square 
pin F. It should be arranged that the catch on D descends about 
^ of an inch lower than the catch on E. This distance is known 
as ^'clearance." The maximum angle which the dashpot lever 
moves through is therefore equal to the total movement of the 
wrist plate nwaua the angle occupied by clearance. 

Hovement of Trip Levers.— The proper anp:le and movement 
of the trip lever is easily found. The wrist plate diagram being 
laid, down, the position of the lever A, and consequently that of 
the trip hook for any crank position, are known. Lay down the 
position of the parts when the crank is on dead centre ; the catch 
of the trip hook being flush with the catch on F as here shown. 
The limb of the trip hook is then clear of the boss of the trip lever 
by the depth of engagement of the catches. Now draw the trip 
lever in such a position that the projecting piece on its boss just 
touches the trip hook. This will be its position at earliest cut-off. 
Next lay down the parts in position when the wrist-plate lever 
is in its extreme position in the opening direction, as shown by the 
right-hand diagram of Fig. 94. The crank is then in the position 
indicated by the line J H in Fig. 93. Again draw the trip lever 
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with the projecting piece just touching the trip hook, and this will 
be its position at latest trip. 

The method by which the trip levers for each end of the cylinder 
are made to move equally in opposite directions is clearly shown in 
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Fig. 93. With reference to this matter, it will suffice to say that 
P is a fixed centre of motion, and the governor actuates the double- 
ended lever swinging on centre P. A pointer may be attached to 
this lever playing over a graduated index, so that the point of cut- 
off is always seen. 
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Cause of Popularity of Corliss Gear in America.— in 

America, Mr. Corliss employed only one eccentric to operate both 
steam and exhaust valves ; an arrangement whose very defect has 
perhaps contributed more to the popularity of Corliss gear than 
anything else. The one eccentric precludes the possibility of cutting 
off after about ^ stroke, which was little later than the most 
economical point for pressures then common. Whenever a Corliss 
engine was put down, it was imperative that it should perform its 
work within this range of expansion, so that the owner was unable 
to run his engine except under economical conditions. The advan- 
tage over those engines which were too small for their work was at 
onoe apparent) and gave rise to a common notion that the economy 
was due solely to the valve gear. 

Arrangement of Link-work. — In designing the link-work of 

Corliss gears, it should be arranged that all rods can be taken off 
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Arrangement of Link- work. 
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Arrangement of Link- work (another method). 



their pins by simply removing loose collars. This is a point some- 
times forgotten, or at least neglected. In the arrangement showik 
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\)j Fig. 95, which is a plan view of a wrist-plate rod and its conaec- 
tions, it is evident that to remove the rod it is necessary to remove 
the rod from one of the sockets ; whereas if it were arranged as 
shown by the next figure, the dismantling is effected by removing 
the two loose collars A and B. Then the length of the rod is not 
altered, and may therefore be replaced without any re-setting. 
These remarks apply to the governor trip rods, and in fact to all 
link- work of a similar nature. 
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CHAPTER IIT 
DOUBLE-ECCENTRIC GEARS WITH TRIP MOTIONS. 

Contents. — ^Movement of Valves in JDouble-Eccentrio Gears — Diagram oi 

Motion — Speed of Trip Gears — Range of Trip^PJroportion of Valve*— ^ 

Messrs. Musgrave's Trip Gear— Inglis and Spencer's Slip Rod — Arraifge? ^^ 
ment of Inglis and Spencer's Trip Gear — Crab-Claw Trip Motion- 
Messrs. Ruston Proctor's Crab-Claw Grear — Dobson's Trip Gear — ^Valve 
Diagram for same — Mr. Soodfellow's Gtoar — Dashpota. 

The advantage of double-eccentric gears has already been com- 
mented upon. It remains to discuss the action of this class. 

Movement of Valves in Double-Eccentrie Gears.— The 

difference between the motion of a single- and double-eccentric gear 
is, that whilst in the single-eccentric gear the dwelling period of 
the steam valves occupies half the travel of the wrist plate, the 
steam valves of a double-eccentric gear have, strictly speaking, no 
dwelling period ; all the motion of the valve lever being taken up 
by lap, clearance of trip edges, and port opening. The steam valves 
never lap the port by an amount greater than the lap ; hence, other 
things being equal, a less movement of the valve lever is required 
than with a single-eccentric gear by the amount of dwelling angle 
referred to the valve circumference. It has been common practice 
to make the angular movement of double-eccentric steam valves 
from 60° to 70* ; and to make the port one-tenth the valve cir- 
cumference. Thes9 are good rules, and, with an ordinary amount 
of lap, give sufficient over- travel to produce a full port opening early 
in the stroke. 

The action of the steam valves will be understood from the 
annexed diagram and the following description: — 

Diagram of Motion.* — The circle BOD (Fig. 97) represents the 
travel of the valve by its diameter, and the path of the crank pin by 
its circumference. Let the total range of trip be from C to E — that 
is, about 76 per cent. Draw E B perpendicular to C D, and from E 
mark off the lead E F. Then, F D is the necessary lap of the valve, 
and the position of the eccentric is denoted by the line A B, the 
crank pin being, by supposition, at D. I)escribe the lap circle 
F N L. Produce A B to J, and describe the valve circle A G J. 
The valve and lap circles intersect at G. From A draw a line 
through G, and produce it to the crank-pin circle. Then A K is 
the crank position when admission commences. From this point 

* This adaptation of the Zenner diagram was first suggested by Mr. James 
Dunlop. 

1 « 
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the port opening continues to increase, and at crank position A M 
is equal to A N. A N is at right angles to B J, and the port 
opening for any position of the crank between A M and A O, in the 
clockwise direction, is given by an ordinate between the lap circle 
and the remote side of the valve circle. Thus, at A P the port 
opening is Q E, and so on. After A O, the port opening is indicated 
by the ordinate between the lap circle and the adjacent side of the 
valve circle. The lap and valve circles intersect at L. This 
denotes that the port is closed, and the diagram shows that it 
remains so till A K is reached. This would be the steam distribu- 
tion if the valves were positively connected to the eccentric-rod 
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and operated without the intervention of trip gear, and it is seen 
that steam carries on to A L. Such a state of things is, of course, 
absurd, but it must be remembered that the trip gear releases the 
catches before the crank passes A B, and the valve at once closes, 
remaining stationary until re-engagement takes place. 

Speed of Trip Gears.— It will have been noticed that engage- 
ment of the catches must take place twice during each revolution of 
the engine, and as the catches in many cases only movepast each other 

TT ^^ i ^^ ^^ ^^^^f ^* ^i^l ^® understood that there is not much 
time for engagement. In fact, it i?» well known that a speed of 
100 revolutions is about the limit for trip gears. When this speed 



MESSRS. MUSORAVB's TRIP GEAR. 115 

is exceeded, missing of the catches is a likely occurrence. This is 
serious in a single eccentric gear, because steam carries on far in the 
stroke, and regular running is impossible, but in double eccentric 
motions it would be positively dangerous, insomuch that a miss 
would cause live steam to flow through the exhaust, an occurrence 
not admissible under any circumstance. 

In the previous figure let JT represent the clearance of the 
catches. With centre A and radius A T describe the arc U V. On 
A T as diameter, describe a portion of a circle cutting the valve 
travel circle in W and X. At X the catches are flush with each 
other. From X to T the clearance is being worked through, and 
at the latter point the valve lever is in its extreme position. From 
this point the catches approach one another and have re-engaged at 
W, at which point the valve begins to move. While the crank is 
passing from A X to A W the catches must re-engage or else a miss 
trip is the resultT Take the case of an engine running at 100 
revolutions per minute, and let the angle X A W be 30°. 
Under these conditions the time for re-engagement is only 

It may be asked, why not give the catches more clearance to 
allow a longer time for engagement? The objection to this proposal 
is that more clearance would cause the engagement to occur at a 
time when the wrist-plate levers were moving at a comparatively 
high speed, and the inevitable result would be a considerable jar 
on the catches and wear on the pins. When the clearance is 
small, the eccentric is very near its dead centre when engage- 
ment takes place and is therefore moving the wrist-plate lever very 
slowly. The catches thus engage easily and without shock. 

Rang^e of Trip. — With respect to the range of trip that is most 
desirable, it may be stated that 75 per cent, is good and usual 
practice. If a less range will fulfil all requirements it may be 
adopted, but with the disadvantage of increased lap, which, to main- 
tain the same port opening means increased travel, an objection 
which is compensated in some measure by full port opening being 
attained earlier in the stroke, as may be proved by construction. 
By increasing the range the lap is decreased, but the crank position 
at full port is later. 

Proportions of Valves. - As there is no dwelling angle in the 
steam valves of double eccentric gears, it is sufficient to make the 
valve face lap the port on the back edge by an amount necessary 
for tightness and bearing surface when the valve is full closed. 

The width of the face will therefore be — 

Steam lap + width of port + back lajp. 

The exhaust valves have dwelling periods, of course, like the 
single eccentric gears, the proportions for each case being exactly 
similar. 

Messrs. Musgrrave'S Trip Gear.— The form of trip gear made 
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by Measra. Miisgrave, Bolton, consists of a valve lever A keyed to 
the valve apindle, and receiving motion irom the rod B, which is 
provided with a steel catoh. This catch engages with a steel piece 




Musgrave's Trip Gear. 

on thd valve-lever pin supported by the valve lever, but free to 
move therein. Connected to this spindle is the trip lever E, the 



Action of Catches in Musgrave'e Trip Gear. 

upper end of which is connected to the governor-rods in the 
manner indicated. The detail ot the catches will be better seen in 
Fig. 99, in which the gear is shown in two positions when set for 
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the latest trip. At the left hand the catches have just engaged, 
and the valve begins to move from ri,s:ht to left against the 
resistance of the dashpot spring. The valve lever continuing its 
motion causes the steel catch on the spindle to gradually become 
disengaged from the catch 0, because the upper end is held by the 
governor, and for any one stroke may be considered stationary. In 
the diagram to the right the mechanism is at the extreme position 
in the opening direction. The catches are edge and edge and the 
valve lever is about to be moved by the dashpot, and to occupy the 
position indicated by the dotted line F G. 

The length of the trip lever £ is regulated by the depth of 
engagement, the travel of the valve lever, and the width of the 
catch on the trip lever. 

Let H = distance from centre to edge of catch (see Fig. 99). 

B SB depth of en^gement, 

C = length of trip lever, 
and D = travel of catch on trip lever, 

Then, in order that trip may occur at the latest possible point, the 
equation _ = — . must be satisfied. To find the depth of engage- 
ment at the beginning of the valve lever's motion in the opening 
direction, for any earlier point of cut-off, substitute D' for D, D' 

ri^ too 




T>eing the movement of the valve lever from the commencement of 
its travel to the point at which trip shall take place. The value 
of B for the earliest trip determines the movement of the end of 
the trip levers, it being equal to — 

c(!¥)- 

Here B' is the depth of engagement tor earliest trip. The whole 
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matter is simply a question of leverage, the length of the trip lever 
being one arm, and the half width ot the catch plate the other. 

If the travel of the valves is large, the trip levers become incon- 
veniently long, and to avoid this, Messrs. Musgrave usually employ 
double-ported valves, thereby reducing the travel. 

The arrangement just described is known as a "push'' gear, 
because in opening the valve, the rod B is in compression. In push 
gears the eccentric must be directly opposite the proper position 
for a pull gear under the same conditions. Fig. 100 will illustrate 
the matter clearly. A B is the crank and A C the eccentric for a 
pull gear, but for a push gear A D would be the proper setting. 
The line AD is an extension of A B. It will be noticed that in 
Musgrave's gear the eccentric-rod connects to the wrist plate or its 
equivalent on the opposite side to which the valve-rods are coupled. 
This again alters the angle of the eccentric 180*", thus bringing it to 
AC, Fig. 100. 

Inglis and Spencer Slip-Rod.— The well-known Inglis and 
spencer slip-rod, the construction of which is shown in Fig. 101, 
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Inglis and Spencer Slip-Rod. 



has established itself as a simple and reliable form of trip gear. 
The end A embraces the wrist pin and carries the spring clips C, 
which are secured by bolts as shown. The end B telescopes on 
this piece, and is provided with steel catches to engage with the 
pieces on the clips. The eye D is coupled to the valve lever. 
Tripping is effected by the toe lever E forcing open the steel clips 
and releasing the catches. The upper end of the toe lever is under 
the control of the governor, and by its inclination to the slip-rod 
determines the point of tripping. It will be seen that when the 
slip-rod moves in the direction from B to A and the upper end of 
the toe is stationary, the result is to cause the head of this lever 
to move round on its centre, and in so doing force open the clips. 
The piece B then springs forward in consequence of the pull of the 
dashpot on the opposite end of the valve lever to which B is con- 
nected, and thus the valve is closed. The part B is then stationary. 
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but A, being connected to the wriat plate, continues itsi motion 
until the catches oa the clijis move past the catches on B, so that 
engagement takes place, and tlie whole rod moves together. To 
prevent noise during engagement the clips ore provided with 
leather ptkds, which, falling on B, prevent any metAllic click that 
would otherwise occur. 
Arran^ment of Inglis and Spencer 'Trip Gear.— The 

annexed folding plate shows the practical application of the above 
form of trip gear. The makers are Messrs. Hick, Hargreaves & Co., 
Bolton. Separate eccentrics and wrist plates are employed for the 
steam and exhaust valves, thereby allowing of a wide range of trip. 
The Inglis and Spencer slip-rod is clearly shown, and also the con- 
nection of the toe levers to the governor. The trip-rods are made 
to move in equal and opposite directions by toothed sectors fastened 
to the spindles on which the levers carrying the trip-rods are 
secured. These sectors, which do not appear in the engraving, are 
situated under the dashpot. The gear is ahowa set for the latest 
trip, the back steam valve is wide open, and the toe lever is about 
to release the clips in the manner previously described. The 
exhaust portion of the gear calls for no special remarks, being the 
usual arrangement adopted when wrist plates are employed. 
/I Crab-Claw Trip Motion. — The crab-claw trip motion origin- 
'^atedin America, where it finds much &vour. The double-armed 



b: ti 



Crab-Oaw lYip Motion, 
valve lever carries a pin provided with a square head of hardened 
steel, which engages with the lever limb of the distinguisbing 
feature of this gear — the crab claw A. The wriat-plate rod pa-sses 
through the square head and is free to slide therein. The claw is 
centred on this rod, and within certain limits is free to move on ita 
centre. It is held to its place by the small spring R The actiotl 
of the gear is as follows : — Suppose the gear to be in the extreme 
position and about to move the valve in the opening direction. 
The crab claw then catches the square head fixed in the valve 
lever and thus pulls the valve open. This action will continue till 
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the upper limb of the claw strikes the projecting piece D on the 
governor lever C. The effect of this contact is to depress the crab- 
claw catch clear of the square head, and the valve lever being free, 
at once returns to its extreme position by the pull of the dash pot, 
and remains in that position until the crab claw returns to engage. 
The lever C is under the control of the governor, and by its position 
determines the time of liberation. The position of the crab claw 
centre for any point of the stroke being known, it is easy to find 
the position of D for any point of cut-off. As this matter was fully 
explained when describing Reynolds' trip gear, further explanation 
would be superfluous. 

The second projection on the governor lever is for safety purposes. 
Should the governor driving- gear fail, the governor at once falls 
to its lowest position, and by moving the governor levers, brings 
the safety piece in contact with the claw and entirely prevents it 
from engaging with the square pin. The valve, therefore, remains 
closed, and the engine is soon brought to a standstill. The presence 
of the safety trip occasions a difficulty in starting ; for the governor 
levers have to be held in a position to allow the claw to engage 
with the valve lever. 

Messrs. Ruston Proctor's Crab-Claw Gear.— In England, 

Messrs. Euston, Proctor & Co. employ the crab-claw gear, using 
separate eccentrics for steam and exhaust valves. Their practice is 
to carry the wrist-plate centre above the central line of the cylinder, 
if necessary, so as to bring the wrist-plate rods practically 
horizontal ; and to locate the steam wrist-plate pins as near the 
vertical centre line of the wrist plate as the rod ends will 
permit. 

Fig. 104 is an illustration of one of this firm's twin-compound 
condensing engines, fitted with crab-claw gear. 

DobSOn'S Trip Gear. — Dobson's trip motion is illustrated l3y 
Fig. 105. The sliding piece A is carried by a bracket fixed 
to the side of the cylinder. This sliding piece receives its motion 
from the eccentric which couples to pin B. At each end of A are 
the trip boxes 0, carrying tripping pieces E, and trip levers D. 
The latter are connected to each other and to the governor in the 
manner shown. At certain periods the tripping pieces engage with 
steel catches secured to the hollow spindle F, and by their engage- 
ment drag F and the dashpot piston secured thereto against the 
resistance of the dashpot spring. The upper ends of levers D are 
practically stationary, so that the effect of sliding A to and fro is 
to cause these levers to move on their centres, thus raising the 
tripping blocks and causing liberation. The cut shows the gear 
ready for tripping at about 25 per cent, of stroke. Any movement 
of the upper end of trip levers in an outward direction from the 
centre of the cylinder would delay liberation; whilst movement 
in an opposite direction would hasten it. The tripping blocks are 
held to their work by means of the light springs in the trip boxes, 
and are always pressed down upon the trip levers. The valve-rod 
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K of - rectangular section at the middle to emtble the end to follow 
the arc described hy the valve lever pic 



Valve Diagram for Same.— The valve diagram shows the 
motion of the steam valves for both back and front enda. Starting 
at point B (Fig. 106) for the back steam valve, the motion from B to 
C ia taken np by clearance of trip catches. I^p is then worked off 
and the valve opens, and at D the admission commences. From D 
to E on the arc of the valve lever is lead, and the projection of E to 
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the circle indicates the position of tbe eccetitrio when crank is on 
dead centre. Let H be the projection of E, and let H be pro- 
duced indefinitely. With centre on H produced, and with a 
radius which beara the same ratio to the radiua of the circle BH J 
as the connecting-rod bears to the crank, describe arcs for any con- 
venieat number of crank positions. Where these arcs intersect 

Fiq 106. 



circle B H J project lines to the arc of the valve-lever pin. (See the 
accompanying figure.) The port opening for any crank po«ition is 
then at once read off. In the present case, the range of trip is 
seen to be from J to H, about 75 per cent. The prirt opening at 
one-tenth stroke is IJ inches; at two-tenths, SJ inches; at three- 
tenths, 2J inches ; and bo on. The unequal distribution due to 
connecting-rod influence causes the range of trip for the back stroke 
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to be Bomewhat less than for the froat stroke. Tlie diagram shows- 

this. Messrs. Yatea & Thorn, Blackburn; Sharpies Jt Co., Eams- 
bottom; and Victor Goates, Belfast, are constructors of Dobson's 
trip gear. 

Goodfellow's Gear. — Benjamin QoodfelloT, of Hyde, Man- 
chester, constructs a trip motion ia which catches are dispensed 
with altogether. In his arrangement, a knuckle joint is the device 
employed, and tripping is effected by the knuckle doubling up tind 
leaving the valve to the influence of the dashpot. The rod E (Fig. 
107) receives its motion from the eccentric-rod without the interven- 
tion of a wrist plate. The levers F F slung from brackets on the 
valve bonnets carry this rod, which is provided with a preparation 
for carrying a piece D. This piece forms the centre for the tripping 
finger. The double-ended valve levers CO are connected to the 
dashpot on one side, and to the piece D through the medium of 
the knuckle joint formed of the levers A and B. In the figure. 



Goodfellow's Gear. 

the gear is shown, in the extreme positioo, and it will be seen that 
the knuckle for the back end ia nearly straight Any movement 
of E in the direction of the arrow will give an equal movement to 
the valve lever at the back end, because the central pin of the 
knuckle is slightly below the line connecting the twu eKtreme pins, 
and the knuckle ia prevented from doubling in a downward direc- 
tion by a protuberance on the brass link A which rests upon the 
carrier rail E. The forward motion of the valve lever will continue 
until the tripping finger N, which forms part of the link B, comes 
in contact with the tripper M. When this occurs the knuckle at 
once closes up, and assumes a position similar to that shown at the 
fi-ont eod. The trippers M are under the control of tbp governor, 
and by their position determine the point of cut-off The hole in 
the brass link A is made larger than the pin of the valve lever 
which it embraces. The object of this clearance is to allow the 
centre joint of the knuckle to fall below the other joints, so as to 
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ensure no doubling up unleaa the trip finger is struck hy the 
tripper. This ptay in the link corresponds to the clearance of 
ordinary trip gears. A leather pad on the link A deadens the 
noise when the gear attains its extreme position and the link &lls 

The method by which all plucking action on the governor dne to 
the tripping lever striking the finger is avoided is verj ingenious. 
The trip lever is hinged from the sliding collar, and is provided 
with stops on its upper end, which, whilst allowing the lever a 
little free play, prevent it swinging out of the way of the finger. 
The effect of M and K striking is not to slide the collar along the 
spindle and thus pluck the governor, hut to cause the trip lever to 
bind on the under side of the sliding collar. 

It will be convenient to conclude this chapter with a few remarks 
on dashpots. 

DashpotS. — The vacuum dsshpot shown by Fig. 108, rests upon 
a cast-iron plate secured to the engine foundations. The dashpot- 
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rod connects to the pin A, and lifts the plunder B, thus forming a 
vacuum between it and the casing C. Tightness is obtained by the 
leather ring D secured in position by a circular nut The small 
valve E is free to move in one direction only, and allows air to 
escape from the vacuum chamber into the atmosjihere. F is the 
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cushion chamber, the object of which ia to prevent the dashpot 
closing violently. The cushion part of the plunger ia provided 
■with a. leather pad which falls on a pad fastened to the bottom of 
the cushion chamber. When the piston descends, the small iralve 
G regulates the escape of air from the cushion chamber with the 
greatest nicety, and renders the action practically noisel^s. 

The diagram of the spring dashpot is self-explanatory, and it 
only remains to say that the valve A regulates the cushioning of 
the piston in the mnnner already described. 



' i I 

Spring Dabhpot. 

A vacnum dashpot is not suitable for a doable eccentric gear^ 
because the small movement of the valve lever from engaging posi- 
tion to admission point does not raise the plunger sufGcient to pro- 
duce a good vacuum. There must be some clearance in the vacuum 
chamber, and therefore the degree of rarity of the atmosphere 
therein is proportional to the lift. In double eccentric gears the 
valve movement for early cut-off is very small, and is insufficient 
to secure prompt action of the dashpota ; but with single eccentric 
eears, the dwelling and Inp angles must always be worked through 
before steam opens, so that even at the eH.rliest ciit-o£f the daslipot 
lover lilts a considerable amount. With a spring dashpot, an 
initial tension or compresaioii can be given, which will close the- 
Talves promptly at all grades of expansion. 
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CHAPTER IV. 
SINGLE ECCENTRIC GEARS WITH LARGE RANGE OF TRIP. 

Contents. — Frikart Single Eccentric Gear — Valve Diagram for Frikart Gear 
— Farcot Gear— Features of Cylinder— Wheelock Gear — Conclusion. 
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It remains to illustrate and describe several 
exceptions to the rule that tripping can 
eccentric is moving in the opening direction? 

Frikart Single Eccentric Gear.— The first gear to notice is 

that invented by Frikart, and made under license by Messrs. Green- 
wood & Batley, Leeds. The peculiarities of this gear permit of 




Frikart Single Eccentric Gear. 

both steam and exhaust valves being operated by one eccentric, 
whilst giving a range of trip up to 75 per cent., or even later. 
Another advantage is that in consequence of engagement being 
positive— that is, not relying upon springs to bring the catches 
into gear — the motion is adapted to speeds quite unsuitable for 
ordinary trip gears. 

In order to understand the action of the trip itself, it will be 
necessary to consider the arrangement of the rods and levers. In 
the diagrammatic sketch, Fig. 110, A is the crank shaft on which is ' 
keyed the eccentric, giving motion to the wrist plate through the 
swing lever G. The wrist plate communicates its motion to the 
exhaust valves in the usual manner ; but the steam valves derive 
their motion through the medium of several levers. The detail of 
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the trip is shown by Figs. Ill aad 112. The two levera A and B 
oaciUate upoQ the valve spindle, the wriatplate lever A being loose, 
and the dashpot lever B keyed on. Swinging on the upper end of 
A is tha tripping lever and oatoh C, which, at certain periods, 

Fig. 112. 




Friktut Single Bacentiio Gear. 

engages with the dashpot lever. C is so constructed, that when 

the centre of the pin U coincides with the centre line of the valve 

spindle, the dashpot lever is free to descend and cut off steam. 

Pig. 113 shows the gear in another position, where the centre of 

the trip lever pin is not coincident 

with the centre of the valve spindle ; I 

And where the dashpot lever is being 

raised because of the engagement of 

the trip lever with it. 

Reverting now to Fig. 110, the 
motion of the trip levers will be 
understood. From a suitable point 

on the eccentric -rod, the lever N 

receives motion. N in turn operates 
the levefs K by means of the thret- 
armed lever T. The governor con- 
nects to T by means of swinging 
links, and by its position determines 
the inclination of the three-armed 
lever. The latter has a constant 
niotion from the eccentric-rod, so 

that the governor does not regulate the amonnt, but simply the 
position of that motion. The levers are thus seen to be under 
the influence of three movements. In the tir^t place they are 
■carried round by the wrist-plate levers; the second motion is 
derived from the levers K; whilst the governor, as before stated, 
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regulates the position of the lever T, and, consequentlj, the time 
at which the trip lever pin concides with the centre of the valve 
spindle. 

The lever A (Figs. Ill and 112) is so formed that in case of the 
dashpot sticking, the lever B will be forced to descend by coming 
in contact with the projecting part of the wrist- plate lever. With 
this arrangement there is no fear of the steam valve remaining open 
throughout the stroke, even if the dashpots fail to act. 

Valve Diagram for Frikart Gear.— The motion of levers K 

is equivalent to that which would be derived from an eccentric set 
at right angles to the eccentric A, Figs. Ill and 112, and remem- 
bering this, it is easy to construct a diagram showing the action of 




the trip levers very clearly. In Fig. 114, the position of the 
eccentric is given by the line A B. D is the lap circle, and 
cut-off is therefore at A E. So far, the diagram is similar in every 
respect to the diagram for a slide valve, with the same lap and 
angle of advance. At right angles to A B, draw the line F G, equal 
to the travel of the trip levers due to the levers K ; and on F G- 
describe the circles as shown. When the governor is revolving in 
its normal plane, the coincidence of D (Figs. Ill and 112) with 
the valve spindle occurs when the crank is at A B, and cut-off is at 
this point. Suppose the governor to fall and move the centres of 
the trip-rods a certain amount. With this amount as radius, 
describe an arc cutting the polar circles at H. Produce AH^ 
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which in this instance falls on the line A E. Tripping now takes 
place at A E, the point where the valve closes by virtue of its lap- 
and movement from the wrist plate. This is, therefore, tbe latest 
trip. Suppose the governor rises and moves the trip levers in the 
opposite direction. Then the intersection of the circle whose radius 
equals the amount of displacement with the polar circles indicates 
the position of cut-off. In the diagram, A J represents the displace- 
ment, and tripping is seen to be at A K.* 

Diagrams of the movement of the steam and exhaust valves are 
given by Fig. 115; that to the left being the steam diagram,. 
and the right hand the exhaust. Heferring to the steam 
diagram, it is seen that full port opening is attainted at 10 per 
cent, in the stroke ; a result which must be considered very satis- 
factory. The peculiar concavity of the exhaust diagram at A 
indicates that the disposition of the wrist-plate pins and ezhaust- 



valve-rods is faulty, inaomnoh that there is a double reversal of 
stress on these parts. The diagrams owe their irregular form to 
the presence of the wrist-plate, which modifies the motion so that 
the valve movement is no longer represented by an ellipse. 

FarCOt GCIIP. — The Farcot gear is another example of a single 
eccentric motion giving a wide range of trip. This gear was 
illustrated and described in Engineering some time e^o, and the 
following description and cuts are taken &om that source. (Bee 
Folding plate) :— 
• " The general arrangement of the valve gear is shown by Fig. 

116, while Figs. 117 to 120 represent the cutoff gear in detail. Aa 
will be seen from the general view, but one eccentric is used, this 
giving motion to a wrist-plate, which is connected by rods c to 
levers d mounted loose on the admission valve spindles (see Figs. 

117, 118, and lid). The lower part of each lever d carries a catch 
/ which is constantly drawn towards the valve spindle by a spring. 
Upon the valve spindle is keyed an arm g, which is acted upon bj 
a spring tending constantly to close the valve, and which, on the 
other aide of the valve spindle, carries a steel catch plate h (Fig. 

* Tbft diagram is dae to Mr, James Dntilop. 
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118), arranged so as to engage with the corresponding steel plate j 
-carried by the catch f. It will be readily understood how by this 
-arrangement the oscillation of the lever d in one direction gives an 
opening movement to the valves, while the closure of the latter 
under the pull of the spring connected to the arm g will evidently 
take place whenever the steel plates ^ and h are disengaged from 
each other. 

" The disengagement of the catches A ^ is effected, under the 
control of the governor, by an ingenious arrangement, which we 
shall now describe, and which permits of the cut-off being varied 
from zero to 80 per cent, of the stroke. In the ordinary Corliss 
gear it will be remembered that the detachment of the valve must 
take place while the latter is opening, and thus, if detachment has 
not taken place before the valve is fully open, the admission goes on 
to the full extent permitted by the undetached valve. In the 
Farcot gear, on the other hand, the detachment may take place on 
-either the opening or closing strokes of the valve, the means 
by which it is effected being as follows: — On the boss through 
which each admission valve spindle passes, are mounted two cams 
k A;', as shown by Figs. 117, 119, and 120; these cams being 
ooupled by the links 1 1' to one arm of a bell-crank (see Figs. 1 16 
and 117), the other arm of which is connected to the governor. The 
projections on these cams act upon the detent y as follows: — The 
projection of the cam k acts directly on the finger m (Fig. 120) and 
;serves to lift the detent y and release the valve during the opening 
stroke of the latter, thus cutting off the steam at any point from 
zero up to about 35 per cent, of the stroke ; the cam k\ on the 
other hand, acts upon the movable finger w, and serves to release 
the valve during its closing stroke, thus cutting off the steam at 
from about 35 to 80 per cent, of the stroke. 

"Referring to Fig. 120, it will be seen that the finger n slides 
within m, and is pressed out by a spiral spring. During the open- 
ing stroke of the valve, n is pressed within m by its end coming 
into contact with an inclined surface on the cam k' giving the longer 
-admissions. In this way the cam k' is prevented from interfering 
with the action of the cam k when the engine is working with 
short steam admissions. On the other hand, when the opening move- 
ment of the valve has taken place sufficiently far, the projection on 
kf completely passes the finger w, and the latter is then forced out by 
its spring ready to engage with the projection of the cam k' during 
the return stroke of the valve. 

" The wearing parts of the gear we have been describing are of 
simple form, and are readily renewable, while, beingmade of hardened 
steel, the wear on them is exceedingly small. As compared with 
the Farcot gear exhibited in 1878, that now described has the ad- 
vantage that the arrangement for giving late admissions is not in 
-continual use. When working with the short admissions usual with 
this cl«FS of engine, the finger n remains projecting freely from m, 
.and it is only thrust back within the latter wiien longer admissions 
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are required. The slopes of the cams h and h* also being very gentle, 
exceedingly little work is thrown upon the governor. 

" A special arrangement of one of the cams also prevents the- 
engine from running away in the event of the governor breaking 
down, this cam shutting off the steam completely in the event of the 
governor stopping and the balls closing. It will be noticed on 
reference to our detail views that the valve spindles are without 
stuffing boxes, they simply working in well-fitting gun-metal bushes 
fitted to the bosses through which they pass." 

Features of Cylinder. — A section of the cylinder is shown by 
Fig. 121. The endeavour to reduce clearance by placing the valves- 
in the covers will be noticed and appreciated. The steam-jacketing 
is a special feature of this engine; and an inspection of the figure 
will show that the covers are also constructed to give ample space 
for boiler steam. 

A point to which exception may be taken is the double reversal 
of stress on both steam and exhaust rods and wrist-plate pins, due 
to the particular location of the latter; but this point has evidently 
been subordinated to that of keeping the dwelling angles as small 
as possible. That there is a double reversal of stress on these parts^ 
is apparent from the general view of the engine. 

WheelOCk Gear. — As another example of a single eccentric 
gear giving a wide range of trip, the Wheelock gear may be cited. 
The rods which actuate the trip levers receive their motion irom 
the eccentric in a similar manner to the Frikart gear. The governor 
determines the position of the motion of the tripping piece, but 
not the amount, that being constant at all times. Strictly speaking, 
the valves are not of the Corliss type, but consist of multiple-i)OT ted 
grid valves working on a flat face. This face is iormed on a conical 
plug of special hard metal forced into suitable taper holes in the 
cylinder. The connection of the spindles with the valves is through 
the medium of a toggle joint, situated inside the valve chamber, a 
device which has the advantage of giving a rapid opening motion ;. 
a good feature usually purchased at the expense of a wrist plat^. 
Messrs. Daniel Adamson & Co., Dukinfield, are manufacturers of 
the Wheelock gear. 

Conclusion. — There are numerous other varieties of trip gears,, 
but as they are all pretty much on the same lines as those already 
described, it will be unnecessary to describe them. A knowledge 
of a lew good and well-known types will enable the action ol others 
to be understood, and their merits and demerits appreciated. 
Although many makers seem resolutely to adopt one style ol geai', 
and use it to the exclusion of all others, the advantage of one gear 
over another is but slight, and it n:ay be taken that, given good 
design and workmanship, it is immaterial which ^ear is selected, 
because the above qualities ensure satisfactory operation to most 
types. 

Extensive as is the use of Corliss gear, it has not yet been 
employed in all cases where it would be advantageous. Marine- 
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engineers, although striving in many ways to reduce weight and 
steam consumption, have so &r neglected the Corliss valve, but if 
further economy is to be looked for, the Corliss valve undoubtedly 
offers a means of attaining it ; and with the ever upward tendency 
of steam pressures its advantages will become more pronounced. 
The chief difficulty with which the marine engineer will have to 
<!ontend will probably be the arranging of the gear in a compact 
and accessible position, so that the valves may be drawn out for 
inspection, without unshipping more parts than is absolutely 
necessary. Trip gear, of course, will be dispensed with, the valves 
having lap equal to a slide valve under similar conditions. Joy's 
radial valve gear, or some other similar contrivance, would perhaps 
be preferable to link motion, for reasons which will be apparent 
from a comparison of the two arrangements. 
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Allan's gear, Diagram for, 74. 

,, straight link motion, 72. 
Angle of advance, 33. 

„ of vibration, 92. 

„ Reduction of dwelling, 90. 
Application of ellipse diagram, 32. 
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Fabcot cylhider, 131. 

„ trip gear, 129. 
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•6 OBARLms emimir s ao.'s puBLioATiom. 
THE DESIGN OF STRUCTURES: 

A PvAetloal TPMitl«« on tl&# BuUdlnc of BpldirM>* RoofK 

By S. ANGLIN, C.E., 

Master of Engineering, Royal Umversity of Ireland, late Whitworth Scholar, ftc 

With very numerous Diagrams, Examples, and Tables. 
Large Crown 8vo. Cloth. 

Sbcond Edition, Revistd, 168. 



The leading features in Mr. Anglin's carefully-planned " Design of Struc- 
tures ** may be briefly summarised as follows : — 

1. It supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text-book on Structures, requiring on the part of 
the reader a knowledge of Elementary Mathematics only. 

2. The subject of Graphic Statics has only of recent years been generally 
applied in this country to determine the Stresses on Framed Structures ; and 
in too many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglings work the system is explamed 
from FIRST principles, and the Student will find in it a valuable aid in 
determining the stresses on all irregularly-framed structures. 

3. A large number of Practical Examples, such as occur in the every-day 
experience of the Engineer, are given and carefully worked out, some being 
solved both analytically and graphically, as a guide to the Student. 

4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punching, Drilling, Rivetting, and other processes connected wi£h the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of MANY years* EXPERIENCE in the bridge-yard ; and the information given 
on this branch of the subject will be found of great value to the practical 
bridge-builder. 



* ' Students of Engineering will find this Text-Book invaluabls.*'— i^n:A£te/. 

"The author has certainly succeeded in producing a thoroughly practical TvA* 

Book."— Butider. 

"We can unhesitatingly recommend this work not only to the Student, as the bbst 
Tbxt-Book on the subject, but also to the professional engineer as an bxcsbdingly 
iVALUABLB book of Tcfcxencc^'—MtcMatucai IVarld. 

"This work can be confidently recommended to engineers. The author has wisely 
chosen to use as little of the higher mathematics as possible, and has thus made his book of 
RBAL USB TO THB PRACTICAL BMGINBBR. . . . Alter careful perusal, we have nothing but 
jpnuse for the work.*'— JVa^wrv. 
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In Large 8vo. Handsome Cloth. lOs. 6d. 

CHEMISTRY FOR ENGINEERS. 



BY 



BERTRAM BLOUNT, ahd 

F.I.C., F.C.8., A.I.C.E., 

Omaalting Chemist to the Crown Agent* for 

the Colonies. 



A. G. BLOXAM, 

F.I.C., P.C.8., 
Coninltfaig Chemist, Head of the Ohemkiry 
Department, Goldsmiths' Inst., 
New Cross. 



GENERAL CONTENTS.— Introduotion— Chemistry of the Gblef Materials 
of Ck>nBtraotlon— Sources of Energy— Chemistry of Steam-ralslng—Chemli)^ 
try of Lubrication and Lubricants— Metallurgical Processes used in the 
innning and Manufacture of Metals. 

*'The aathors hare buocbbobd beyond all expectatidi, and have produced a work which 
■honld gire frksh fowkr to the £ngineer and Mannfactarer."— 7V^ Timu. 

"Peactical thbouohout ... an adhi&ablb txxt-booe, useftil not only to Stadents* 
trat to ExoiNXBBS and Manaobbs of works in pbbvbntino wastb and impbotibq p&ocbsus.'*— 
Seottman. 

"A book worthy to take hioh bank . . . treatment of the subject of oasbous tubl 
particularly good. , . . Watbb gas and its production clearly worked out. . . . We 
WABHLT BBCOHM KRD the vfoxk^—Joumol ofOos Lighting. 



For Companion Volume by the same Authors, "Chemistry 

FOR Manufacturers," see p. 71. 



Works by WALTER R. BROWNE, M.A., M.lNST.C.E., 

Late Fellow of Trinity College, Cambridge. 

T H E S T U D ENT'S M E C H A N I C S : 

An Introduction to the Study of Force and Motion. 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 
in style and practical in method, 'Thb Student's Mbchamics' is covdiaSy It ba 



commended from all points of yiesw." ^At/i*H^ntm. 



FOUNDATIONS OF MECHANICS. 

Papen reprinted from the Engifuer, In Crown 8yo^ 11. 



Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER : 

A Manual for Users of Steam and Water. 

»T Pbof. FRANZ SCHWACKHOFER of Vienna, and 

WALTER R. BROWNE, M.A., C.E. 

Gbnbral Contbnts.— Heat and Combustion — Fuel, Vaneties of— Firing 
ments: Furnace, Flues, Chimney — The Boiler, Choice of — Varieties — Feed- 
Heaters— Steam Pipes — Water : Composition, Purification— Prevention of Scale, &c.,.ftc. 

"The Section on Heat is one of the best and most lucid ever ymtttn.*'—Engin€«r»^ 
' Cannot fail to be valuable to thousands using steam power." — Baihuajf Engmetr, 



••1 
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SEWAGE DISPOSAL WORKS: 

▲ Guide to the ConstFuetion of Works for the Prevention of the 
PoUtttion by Sewage of Rivers and Estuaries. 

BY 

W. SANTO CRIMP, M.Inst.C.K, F.G.S., 

Late AimtaBt-Eacineer, London County CoundL 

With Tables, Ulustntions in the Text, and 37 Lithographic Plates. Medium 

8vo. Handsome Qoth. 

Second Edition, Revised and Enlarged. 30a, 



PART L— Intkoductokt. 



I nteod ttct i o n. 

i of Rirer Pollutions and Rccommcndn- 

of Various Commissions. 
Houily and Daily Flow of Sewage. 
Tko Pail System as Affectinc Beware. 
The Separation of Rain-water from the Sewage 



Settling Tanks. 

Chemical Processes. 

The Disposal of Sewage-sludge. 

The Preparation of Land ftor Sewage 

posai 
TaUe of Sewage Farm Management 



PART II.— Sewage Disposal Works in Operation- 
Construction, Maintenance, and Cost. 



-Their 



ISiistrated by Plates showing the General Plan and Arrangement adopted 

in each District 



Map of the LONDON Sewage System. 

Crossness Outfall. 

Barking OutfalL 

Doncaster Irrigation Farm. 

Baddington Irrigation Farm, Borough of 
Groyaon. 

Bedford Sewage Farm Irrigation. ^ 

^ewsbory and Hitchin Intermittent Fil- 
tration. 

Merton^ Croydon Rural Sanitary Authority. 

Swanwick, Derbyshire. 

The Ealing Sewage Woritt. 



Kingtton-<m-Thames, A B. C Process. 
Sdlofd Sewage Works. 



Bradford, Precipitation. 

New Maiden, Chemical Treatment and 

Small Filters. 
Friem Basnet 

Acton, Feroxone and Polarite Proceos. 
Ilfard, Chadwell, and Dagenham Woritt. 
Coventry. 
Wimbledon. 
Birminghsun. 
Margate. 
Portsmouth. 

BERLIN Sewajge Farms. 
Sewage Precipitation Worics, Dortmund 

(Germany). 
Treatment of Sewage by Electrolysis. 



*•* From the fact of the Author's having, for some years, had charge el the Main 
Drainage Works of the Northern Section of the Metropolis, the chapter on London will be 
found to contain many important details which would not odierwise nave been available. 



« 



' All persons interested in Sanitary Science owe a debt of gratitude to Mr. Crimp. . . . 

work will be aspedally useful to Sanitary Authoeitibs and their advisers . . . 
iTLY PRACTICAL AND USEFUL . . . gives plans and descriptions of many or ran 
Morr iMPORTAMT SBWAGB WORKS of England . . . with very valuable informatioB aa ta 
<Att e09T of construction and working of each. . . . The carefully-prepared drawingB pes- 
■■it ef an easy coasparison between the different systems."— il^«Mcrt 



"Probably the most complbtb and best TRBATfas on the subject which has a] 
Jn car laafoage . . Will prove of the gteatest use to all who have the 
^ "^ 'to fitoe." — Edinburgh Medical Journal. 
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Works by BRYAN DONKIN, H.Iiist.C.EL, H.Inst.Heeh.E., &c. 



GAS, OIL, AND AIR ENGINES: 

A Praetieal Text -Book on Internal Combustion Motora 

without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Second Edition, Revised throughout and Enlarged. With numerous 
additional Illustrations. Large 8vo, Handsome Cloth. 25s. 

Gbnbxal Contents.— Gas Enffines :— General Description— History and Develop- 
ment — British, French, and German Gas Engines — Gas Production for Motive Power — 
Theory of the Gas Engine— Chemical Composition of Gas in Gas Engines— Utilisation of 
Heat — Explosion and Combustion. Oil MotOPS: — History and Developmen^->Various 
lypes— Pnestman's and other Oil Engines. Hot-AlP Engrines :— History and Develop- 
it — ^Various Types: Stirling's, Ericsson's, &c., &c. 



"The BEST BOOK NOW FUBLiSHBD on Gas, Oil, and Air Engines. . . . Will be of 
VERY GREAT INTEREST to the numerous practical engineers who have to make themselves 
familiar with the motor of the da^r. . • . Mr. Donkin has the advantage of long 
PRACTICAL EXPERIENCE, Combined with high scientific and experimental knowledge, 
land an accurate perception of the requirements of Engineers." — The Enginstr^ 

"We heartily recommend Mr. DonUn's work. . . . A monumeat of carefnl 
labour. . . . Luminous and comprehensive." — JoumalofGas LigkHng, 

" A thoroughly reliable and exhaustive Treatise." — Engineering, 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

STEAM BOILERS: LAND AND MARINE 

(The Heat Efficiency of). 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, &e., with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents. — Classification of different Types of Boikvs — 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown in Fifty Tables — Fire Grates of Various Types — Mechanical Stokers — 
Combustion of Fuel in Boilers — ^Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 
&c. — Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Plates illustrating Progress made during the present Century, 

and the best Modem Practice, 

**A WORK or SEVERENCB AT FBEBENT UNIQUE. Will give an answer to aUnoftt aay 
^aestion connected with the performan-^e of boilers that it 1b possible to ask.'* — Enginut. 

"Probably the most KXHiinsnvx r9»wn€ that has ev>r been collected. A PKAcncAL 
BOOK by a thoroughly practical man."— /ron and Coal Trade* Review. 
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Sbcond Edition, Revised, Royal %V9, With nmmsroms Ulusirattons and 
13 Lithographic Plates, Handsome Cloth, Price 30;. 

BRIDGE-CONSTRUCTION 

(A PRACTICAL TREATISE ON): 

Being a Text-Book on the Gonstraction of Bridges ia 

Iron and Steel 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENQINEER& 
By T. CLAXTON FIDLER, M. Inst. CK, 

Pro£ of Engineerinf , University College, Dundee. 



GENERAL CONTENTS. 



Part I. — Elementary Statics: — Definitions— The Opposition and 
Balance of Forces — Bending Strain — The Graphic Representation of Bending 
Moments. 

Part II.— General Principles of Bridge-Construction: — The 
Comparative Anatomy of Bridges — Combined or Composite Bridges — 
Theoretical Weight of Bridges— On Deflection, or the Curve of a Bended 
Girder — Continuous Girders. 

Part III. — The Strength of Materials :— Theoretical Strength of 
Columns — Design and Construction of Struts — Strength and Construction of 
Ties — Working Strength of Iron and Steel, and the Working Stress in 
Bridges — Wbhler's Experiments. 

Part IV. — The Design of Bridges in Detail:— The Load on 
Bridges — Calculation of Stresses due to the Movable Load — Parallel Girders — 
Direct Calculation of the Weight of Metal — Parabolic Girders, Polygonal 
Trusses, and Curved "Girders — Suspension Bridges and Arches : Flexible 
Construction — Rigid Construction — Bowstring Girders used as Arches or as 
Suspension Bridges — Rigid Arched Ribs or Suspension Ribs — Continuous 
Girders and Cantilever Bridges — The Niagara Bridge — The Forth Bridge — 
Wind-Pressure and Wind-Bracing : Modern Experiments. 

*<Mr. FiDLEB's suooEBS arises from the combination of ezferibnob and 
anCFLioiTT 07 trbatmekt displayed on every page. . . . Theory is kept im 
subordination to Practice, ana his book is, therefore, as useful to girder-msbken 
a« to students of Bridge Construction." — Tlu Architect. 

*' Of late years the American treatises on Practical and Applied Mechanioi 
have taken the lead . . • since the opening up of a vast continent has 
given the American engineer a number of new bridge -problems to solv* 
. . . but we look to the present Treatise ok BBiDOB-CoNSTRncTioN, and 
the Forth Bridge, to bring us to the front again."— .^n^eer. 

'* One of the very best recent works on the Strength of Materials and ite 
application to Bridge-Construction. . . Well repays a careful Study.'*— 
J^%ffin§eirinff, 

''An INDISFBNSABLB HANDBOOK for the practical Engineer."— ilTiOure. 

LJDNDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND., 



SNQINEERING AND MS0HAN1C8. ^ 

Fourth Edition. Folio, strongly half-bonnd, 21/. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute 

of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and 

Victoria. 

*^^* Published with the Concurrence of the Surveyors- General for New South 

WaJes and Victoria, 

*'TlMMe who have experience u exact Survey-work will best know how to appreciate 
the enonnous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by rrfbkrnck to but Omb Table, in place ot the usual Fifteen 
minute oomputadons required. This .alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of such 
assistance few knowing of their ruuLicATioN will remain without them.'" 

— Enghieer, 



In Large 8vo. With Numerous Illustrations, Price 7s. 6d, 

VALVES AND VALVE-GEARING: 

INCLUDING THE CORLISS VALVE AND 

TRIP GEARS, 

BY 

CHARLES HURST, Practical Draughtsman. 

" CoHCiBi explanations illustrated by 116 very clbab diagrams and drawings and 4 folding* 
plates . . . the book fulfils a yaluablb function."— ^{^^encntm. 

"Ma. Hubbt's valvis and valvb-obarino will prove a very valuable aid, and tend to the 
production of Engines of 8CIBNTIFIC DBsiuM and ECONOMICAL wo&ciNG. . . Will be largely 

sought after by Students and Designers."— Jlfartne Engineer. 

** UsaruL and THOHODGHLT pbaotioal. Will undoubtedly be found of grbat taluk to 
all ooncemed with the design of Valve-gearing.''— J/ecAontco/ World. 

** Almost svBRT TTFB of VALVB Rud Its gearing is clearly set forth, and illustrated in 
soch a way as to be readilt ukdkbstood and fragticallt applied by either the Engineer, 
Draughtsman, or Student. . . . Should prove both useful and valuable to all Engineers 
seeking for reliable and gleab information on the sabject. Its moderate price brings is 
within the reach of VlIII'"' —Industries ana Iron. 

*■* Hr. Hursts work is adiubably suited to tbe needs of the practical mechanic. . . . 
Itia ffM from any eU borate theoretical diitcussions, and the explanations of tbe Taricm 
types of valve-gear are Hucompanied by diagrams which render them easily uhdebstood." 
'—The Scientific American. 

• 
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WOBKS BY 

ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E., 

Formerly Pr^/ns^r of EUctrical Enginetringt The Glasgow and IVtti of Scothmd 

Technical ColUg*. 



PROFESSOR JAMIESON'S ADVANCE!) MANUALS. 

In Large Crown Svo. Fully Illustrated, 

t. STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive ExaminatioDf. 
With over 200 Illustrations, Folding Plates, and Examination Papen. 
Twelfth Edition. Revised and Enlarged, 8/6. 

"Professor Jamieson Cascinates the reader by his clbarnbss or cohckption am* 
•CiicPLiciTY OP KXPRBSSioN. His treatment recalls the lecturing of Faraday.** — Athenaum, 

" The Best Book yet published for the use of Students."— j^m^vm/t. 

" Undoubtedly the most valuablb and most complktk Hand-book on the wdl^tA 
<tfisK now exists."— 3/afiM/ JSn^ndtr, 

2. MAGNETISM AND ELECTRICITY (An Advanced Text^ 

Book on). Specially arranged for Advanced and " Honours " Studenti. 
By Prof. Jamieson, assisted by David Robertson, Jr., B.Sc. 

3. APPLIED MECHANICS (An Advanced Text-Book on). 

Vol. I. — Comprising Part I.: The Principle of Work and its applkm- 
tions; Part II.: Gearing. Price 7s. 6d. Third Edition. 

"Fully maintains the reputation of the Author— more we cannot %»j^—Prmct. 
Engineer. 

Vol. II. — Comprising Parts III. to VI. : Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Second Edition. 8s. 6d. 

"Wkll AND LUCIDLY WRiTTKN." — The Engifuer. 

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS. 

With numerous Ullustrations and Examination Papers, 

1. STEAM AND THE STEAM-ENGINE (Elementary Tezt- 

Book on). For First- Year Students. Sixth Edition. 3/6. 

" Quite the right sort of book."— Engineer. 

" Snould be in the hands of kvbry enpneenng apprentice.** — Practical Engineer. 

2. MAGNETISM AND ELECTRICITY (Elementary Tezt^ 

Book on). For First- Year Students. Fourth Edition. 3/6. 

*' A CAPITAL tbxt-book . . . The diagrams are an important ie9.X\xn.**—Schaolmef*ter. 

*' A THOROUGHLY TRUSTWORTHY Text-book. • . . Arrangement as good as well 
•can be. . . . Diagrams are also excellent. . . . The subject Uuroughout treated as aa 
essentially practical one, and very clear instructions given." — Nature. 

S. APPLIED MECHANICS (Elementary Text-Book on). 

Specially arranged for First- Year Students. Third Edition, Revised 
and Enlarged. 3/6. 

** Nothing is taken for granted. . . . The work has very high QUALXTn% 
snay be condensed into the one word ' clear.' " — Science and Ari. 



A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 
Pocket Size. Leather, 8s. 6d. Thirteenth Edition, Seep, 43. 

LONDON: CHARLES GRIFFIN 9l CO., LIMITED. EXETER STREET. STRANA. 



ESmifBBRINO ASTD MBCBANldS. 33 

Third Edition. VtryfxiUy lUuHrattd, Cloth, it. (ki. 

STEAM •* BOILERS: 

THXIR DXraOTSy MANAaSHSNT, AKD OOKSTBUCTiON. 

By R D. MUNRO, 

Chi^ Engineer of the Scottish Boiler Insurance and Engine Inspection Com^nrnj, 

General Contents. — I. Explosions caused (i) by Overheating of 
Plates — (2) By Defective and Overloaded Safety Valves — {3) By Corrodmi, 
Internal or External — (4) By Defective Design and Construction (Unsup- 
ported Flue Tubes ; Unstrengthened Manholes ; Defective Staying ; Strength 
of Rivetted Joints; Factor of Safety) — II. Construction of Vertical 
Boilers : Shells — Crown Plates and Uptake Tubes — Man-Holes, Mnd- 
Holes, and Fire- Holes— Fireboxes — Mountings — Management — Cleaning — 
Table of Bursting Pressures of Steel Boilers — Table of Rivetted Joints — 
Specifications and Drawings of Lancashire Boiler for Working Pressures {a) 
So lbs. ; (^) 200 lbs. per square inch respectively. 

. This work contains informatioo of tbe first importance to every naer of 
Steam-power. It is a practical work written for practical men, the 
language and rules being throughout of the simplest nature. 

** A raluable companion for workmen and engineers engaged about Steam 
Boilers, ought to be oarefuUy studied, and always at hand."— ColL Ouardk 



it 



The book is vbrt vseittl, especially to steam users, artisans, and 
young engineers."— -^i^rifiecr. 



By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. . With Diagrams and Coloured Plate, 
Price 3s. 



NYSTROMS POCKET-BOOK OF MECHANICS 

AND ENGINEERING. Revised and Corrected by W. Dsimis Maexs» 
Ph. 6., C.E. (YALE S.S.S.), Whitney Professor of Dynamical Engiaeeriiii^y 
University of Pennsylvania. Pocket Sise. Leather, 15s. Twenty- 
first Edition, Revised and greatly eidaiged. 

LONDON : CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET, STRAND. 
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Large 8vo., Handsome Cloth. With numerous Plates reduced from 
Working Drawings and 280 Illustrations in the Text. 2l8. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Practieal Text-Book for the Use of Engine Builders, 

Desigrners and Drauglitsmen, Railway 

Engrineeps, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.C.E. 

With a Section on American and Continental Engines, 

By albert F. RAYENSHEAR, B.Sc, 

Of Her Majesty's Patent Office. 

Conten^«. — Historical Introduction, 1763-1863.— Modem Locomotives: Simple. — 
Modem Locomotives: Compound. Primary Consideration in Locomotive Design.— 
Cylinders, Steam Chests, and Stuffing Boxes.— Pistons, Piston Rods, Ciossheads, and 
iSlide Bari-p.— Connecting and Couplin;; Bods.— Wbeels and Axles, Axle Boxes, Hornblocka, 
and Bearing Springs.— Balancing.— Valve Gear.— Slide Valves and Valve Gear Details. — 
Framing, Bogies and Axle Trucks, Badial Axle Boxes.— Boilers.-Sniokebox. Blast Pipe, 
Firebox Fittings.— Boiler Mountings. — Tenders.— Railway Brakes.— Lubrication.— Con- 
sumption of Fuel, Evaporation and Engine iLfficlency. — American Locomotives —Con- 
tinental Locomotives. — Repairs, Running, Inspection, and Renewals. — Three Appendices. 
—Index. 

** We recommend the book as thoroctghlt practical in its character, and uebixino a 
PLACE IN ANY COLLECTION Of . . . works ou Loconiotive Engineering."— /JatVway Ntws. 

*-The work contains all that can be lfarnt firom a boolc upon puch a subject. It 
will at once rank as the standard work upon this important subject."— /Ja »7f cay Magazine, 



Large Crown Svo. With numeroas lUastrfttions. 68. 

ENGINE-ROOM PRACTICE ! 

A Handbook for Engineers and Officers in the Royal Navy 

and Mercantile Marine, Including the Management 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, 

Engineer, R.N., A.M.I.C.E., Instructor in Applied Mechanics at the Royal Naval 

College, Greenwich. 

Con<ent«.— General Description of Marine Machinery.— The Conditions of Service and 
Duties of Engineers of the Royal Navy. — Entry and Conditions of Service of Engineers of 
the Leading S.S. Companies. — Raising Steam— Duties of a Steaming Watch on Engines 
and Boilers. — Shutting oft Steam.— Harbour Duties and Watches — Adjustments and 
Repairs of Engines. — Preservation and Hepairs of "Tank" Boilers.— The Hull and its 
Fittings.— Cleaning and Painting Machinery —Reciprocating Pumps, Feed Heaters, and 
Automatic Feed -Water Regulators. — Evaporators. — Steam Boats. — Electric Light 
Machinery. — Hydraulic Machinery.— Air-Compressing Pumps.— Refrigerating Machines. 
—Machinery of Destroyers.— The Management of Water-Tube Boilers.— Regulations for 
Enti-y of Assistant Engineers, R.N.— Questions given in Examinations fpr Promotion of 
Engineers, R.N.— Regulations respecting Board of Trade Examinations for Engineers, Ac. 

** The contents cannot fail to be appreciated."- 7^ Steamship. 

"This VERY USEFUL BOOK. . . . ILLUSTRATIONS are Of GREAT IMPORTANCE in a work 
of this kind, and it is satisfactory to And that special attention has been given in this 
rewpect.''— Engineers' Gazette. 
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% 

WORKS BY 

W. J. MAGOUORN RANKINE, LL.D., F.R.S., 

Ltd* R9gtu9 Profnsor of CMI EngineBring tit the Unioerattg of Qlatgow. 

THOROnOHLT BEVISSD BY 

'W. J. MIL LAB, C.E., 

Lat9 Soeretary to the tnstltute of Engineers and Shipbulldera in 8eoti€ut4. 



I. A MANUAL OF APPLIED MECHANICS : 

Comprising the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and Machines. With Numerous Diagrams. 
Crown Svo, cloth, 128. 6d. Fifteenth Edition. 



II. A MANUAL OF CIVIL ENGINEERING : 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Koads, Kailways, Canals, Rivers, Waterworks^ 
Harbours, &;c. With Numerous Tables and Illustrations. Crown Syo, 
cloth, 168. Twentieth Edition. 



IIL A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Greometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &;c. Illustrated with nearly 300 Woodonti. 
Crown 8vo, cloth, 128. 6d. Seventh Editxon. 



IV. A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS : 

With a Section on Gas, Oil, and Air Engines. By Bryan Donkik, 
M.lDst.C.£. With Folding Plates and Numerous lUustratioiui. 
Crown 8vo, cloth, 128. 6d. Fourteenth Edition. 

lONDON: CHARLES GRIFFIN d CO., LIHITfD, EXETER STREET, STRANa 



OBAMLm 0MJFFIN 4 CfOi^0 PUMLICATIONM. 



Pbov. Rankinb's Works— (GpM/iMNMi^). 

Y. USEFUL RULES AND TABLES : 

Tor Arohiteots, Builders, Engineeni, Foundera, Meohanioa, ShipboUden^ 
Surveyors, &c. With Appendix for the use of Electsigal ENOiNsnuk 
By Professor Jamieson, F.11.S.E. Seventh Edition. 10s. Od, 



VI. A MECHANICAL TEXT-BOOK : 

A Practical and Simple Introduction to the Study of Mechanics. Bj 
Professor Bakkine and K F. Bamber, G.E. With Numerous lUua- 
trations. Crown 8vo, cloth, 9s. Fourth Edition. 

%* ITke "Mbchamioal Text-Book" mmu duigned bf ProfMior BAXKimi m «• la 
•ucTMMi to tht abot€ Seria of JimniuUs. 



VIL MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 31s. 6d. 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, &c. 

With Memoir by Professor Tait, M.A. Edited by W. J. Millar, C.E. 
With fine Portrait on Steel, Plates, and Diagrams. 

*' No more endiiring Memorial of Professor Ramkine could be derised than the publica- 
tim of the^e papers in an accessible form. . . . The Collecti<m is most Taluable ott 
moconmt of the nature of his discoveries, and the beauty and comfdeteness of his analysis. 
. . . The Volume exceeds in importance any work in the same department published! 
m Mur time."'— Arc/uieci. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineen nd 
Artisans. With Copious Tables and Valuable Recipes for Practical XJwt, 
lUttstrated. Secmd EdiiUn, Crown 8to. Qoth, 7/6. 

LONDOfl : CmRlEa^fiRfFIN A CO., UHITED, EXETER STAEEL 8TRA«|D. 
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SECOJiD EDITIOJ^, Bevised and Enlarged. 
In Large 8vo, Handsome eloih, 34s- 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E., F.aS^ 

PBLLOW OF king's COLLBGB, LONDON ; PROF. OF CIYIL BNGINBMUIffG^ 

king's collxgb, etc., etc. 

mittb trameroud T^loo^cut0, at1^ Sitt^'minc plates. 



Gkneral Contknts. 

Discharge through Orifices— Gauging Water by Weirs — Flow of Wate* 
through Pipes — The Accumulator — The Flow of Solids — Hydraulic Presses 
and Lifts — Cyclone Hydraulic Baling Press — Anderton Hydraulic Lift — 
Hydraulic Hoists (Lifts) — The Otis Elevator — Mersey Railway Lifts — City 
and South London Railway Lifts — North Hudson County Railway Elevator — 
Lifts for Subways — Hydraulic Ram — Pearsall's Hydraulic Engine — Pumping- 
EIngines — Three-Cylinder Engines — Brotherhood Engine — Rigg*s Hydraulic 
Engine — HydrauUc Capstans — Hydraulic Traversers— Stfovable Jigger Hoist — 
Hydraulic Waggon Drop — Hydraulic Jack — Duckham's Weighing Machine — 
Shop Tools — Tweddell's Hydraulic Rivetter — Hydraulic Joggling Press — 
Tweddell's Punching and Shearing Machine — Flanging Machine — Hydraulic 
Centre Crane — Wrightson's Balance Crane — Hydraulic Power at the Forth* 
Bridge — Cranes — Hydraulic Coal-Dischai^ng Machines — Hydraulic Drill-^ 
Hydraulic Manhole Cutter — Hydraulic Drill at St. Gothard Tunnel — Motors- 
with Variable Power — Hydraulic Machinery on Board Ship — Hydraulic Points- 
and Crossings — Hydraulic Pile Driver — Hydraulic Pile Screwing Apparatus — 
Hydraulic Excavator — Ball's Pump Dredger — Hydraulic Power applied to 
Bridges — Dock -gate Machinery — Hydraulic Brake — Hydraulic Power applied 
to Gunnery — Centrifugal Pumps — Water Wheels — Turbines — ^Jet Propulsion — 
The Gerard-Barr^ Hydraulic Railway — Greathead's Injector Hydrant — Snell's 
Hydraulic Transport System — Greathead's Shield — Grain Elevator at Frank- 
fort — Packing — Power Co-operation — Hull Hydraulic Power Company — 
London Hy&iulic Power Company — Birmingham Hydraulic Power Systen^ 
— ^Niagara Falls — Cost of Hydraulic Power — Meters — Schttnheyder*s Pressure 
Regulator — Deacon's Waste- Water Meter. 

" A Book of great Professional Usefulness." — Irmt, 

\* The SsooND Editioh of the above important work has been thoroughly retiaed aiiA 
hnmght np to date. Many new fuU-page Plates have been added— the number beiii# 
Inureaied from 4S in the First Edition to €9 in the present 
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hwi Itai 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.CB., F.RS^ M.P^ 



ouMots ar st. stahilaiis or kossia.; nuuR3S josant op 

>JIDIB OF TUXKKr: Ain> BISEMG SUV OT JAPAV; 
rBBSIDBMT OF THS mS ' lflUT i OW <W MATAI. A1 



ff^<^ ftMnunna lUmstratums and TaUes, 

T^ns work has beea writtea for the purpose of placing m the kands of Naval GoosbiKtan. 
aipbaildeCT, OflScenof tke Royal and Meroaiitflc Marmes, aad all Students of Nairai 



coBiplcrr Treatise upon the Statxlity of Ships, and b the onlr writ in llie g»£B«K 
dralrng exhaustively with the subfect. 



In flcder to vender the work ooiulete for the poipoies of tfae^ ?flji|jinilrkr, 

of Caiculat 



or abroad, the Methods of Calculation introduced by Mr. F. K. Baxhks, Mr. Gkat, 
M. RsBCH, M. Datmakd, and Mr. Bknjamin, are all gircn aepaiatdy, iOnstrated \j 
Tables and worked-out examples. The book contains mme than aoo DiagraiBs, and » 
Bustrated by a large number of actual cases, derived from ships erf* all descriptioas» Wt 
a^woally froin ships of the Mercantile Maiine. 

The work will thus be fisund to constitute the most com p rehoisiveand exhaustive Ti 
tttherto presented to the Profession on the Science of the Stabiutt or Ship& 



" Sir Edwasd Rekd's ' Stabiutt or Ships ' is ncTALDABLX. In it the STumxrT, mew 
dae subject, will find the path prepared for him, and all difficulties explaincid widi the 
care and accuracy : the Ship-draughtsman win find all the methods of calculatico at 
present in use fiiOy expjained and illustrated, and accompanied by the Tables and Fonns 
-cmirioyed ; the Shipowner win &id the variations in the Stalnlity oi Ships due to differoBoes 
in forms and dimensions fully discussed, and the devices by wfaidi the state of his ships under 
an conditions may be gra^rfucaUy represented and easily underwood ; the Naval ARCHrnscr 
win find brought together and ready to his hand, a mass of information which he would odier- 
wise have to seek in an almost endless variety of publications, and some of winch he wodU 
fposstbly not be able to obtain at aU elsewhere.'*^ig<'/»avg4i>. 

" This important and valuable work . . . cannot be too highly reco mmm dcd to 
nO connected with shipping interests." — Irom. 

" This VERY important treatise. . . . the most nrrELLiGiBLB, instructive; and 
«OMn.RTB that has ever appeared." — Nature. 

"The volume is an essential one for the shipbuilding professioB.'* — 



COMPANION-l^ORK. 



THE DESIGN AND CONSTRUCTION OF SHIPS- 

By JOHN HARVARD BILES, M.InsLN.A., 

Professor of Naval Architecture in the University oTGla^ow. 

In Preparation, 

LOKDON : CHARLES GRIFFIN ft CO.. UVITED. EXETER STREET, STRAND. 
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Foupteentli BSdltlon, RevlsecU Prle^ 2I«. 

Dmnfff SvOf Ohth. With Numerotu lUuatrcUionif reduced ftrmm 

Working DratJoing9. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A. E. SEAT ON, H.Inst.C.EM M. Inst. Meeh. E«, 

M.Inst.N.A. 



GKNKRAL CONTKNTS. 



Part L—Prineiples of Marine 
Propulsion. 

Part IL— Principles of Steam 
Engineering. 

Part III.— Details of Marine 
Engines : Design and Cal- 

\* This Edition includes a Chapter on Water -Tube Boilbu, with lUustra- 

id 



eolations for Cylinders, 
Pistons, Valves, Expansion 
Valves, &c. 

Part IV.— Propellers. 

Part v.— Boilers, 

Part VI.— Miscellaneous* 



tions of the leading Types and the Revised Rules of the Bureau F'erUas» 



" In the three-fold capacity of enabling a Student to learn how to design, oonstmot, 
and work a Marine Steam- Engine, Mr. Seaton's Manual has no HiTiX."— ZYmm. 

"The important subject of Marine Engineering is here treated with the THO&oveH- 
jfBflfl that It requires. No department has escaped attention. • . • Gives the 
results of mucH close study and practical woTk.."—Eikrime§nno. 

" By hr the best Manual m existence. . . . Gives a complete account of the 
methods of solving, with the utmost possible economy, the problems before the Marine 
Engineer."— witA«Knfi». 

''The Student, Draughtsman, and Engk^er will find this work the Mon taluablb 
Handbook of Reference on the Marine Engine now in existence."— MaHM Engimtr* 



Fifth Edition, Thoroughly Revised. With two New Diagrams and 
Numerous Additions. Pocket-Size, Leather. Ss. 6d. 

A POCEET-BOOE OF 

MARINE ENGINEERING RULES AND TABLES, 

TOR THE USE OF 

Marine Engineers, Naval Arehiteets, Designers, Dranghtsment 

Superintendents and Others. 

BY 

A. R SEATON, M.I.aE., M.LMech.E., M.LN.A., 

AND 

BL M. ROUNTHWAITE, M.LMecli.E., M.LN.A. 

"Admirably fulfils its purpose."- JVarnir Bngmar, 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND. 
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WORKS BT PROF. KOBEST H. SHITH, AssocM.LC.E.^ 

M.LM.E., 1C.LELE., lI.IMliuE., Whit Soh., M.OM.HeiJL 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Technical Problems,. 

WITH* sxmarsiYx 
CLASSrFIXD BEinSBENGK LIST OV IKTSGRAIiS. 

By PROF. ROBERT H. SMITH. 

ASSISTED BT 

R F. MUIRHEAD, M.A., B.Sc., 

FofSMity OUurk Follow of Qlaivow UniTeraity, and Lecturer on MsthonuUlov aT 

Mason College. 

In Crown 8vo, txiray vnth Dxagrwrnt and Folding-Plate, 8«. 8cL 

** Paor. B. H. Smith's book will be serviceable in rendering a hard road as bast as pbactio- 
▲BLi for the non-mattaeaaatieal Student and Bnglneer/'— ^IAen««m. 

*' Interesting diagrams, with practical illustrations of actual occurrence, are to be found ber* 
Is abundance. Tn vbkt complbtb classifikd axvBaxircB tablb will prove very naeful i» 
saving the time of those who want an integral in a hurry."— 7%< Enainur. 



MEASUREMENT CONVERSIONS 

(SngUfih and X'renoh) : 

28 GBAPHIC TABLES OR DIAGRAMS. 

Showing at a glance the Mutual Comyebsion of MBAsmunixiiTS 

in DiTFBBENT Units 

Of Lengthf , Areas, YolumeB, Weights, Stresses, Densities, Quantttlei 
of Work, Horse Powers, Temperatures, Ao. 

Fw tht U99 of Engintrt, SunMi^n, ArcMUetM, and Contractorg, 
In 4t0r Boards, 7%. 6d, 



^J^ Prof. Smith's Conyersion-Tablis form the most unique and com* 
nreheasiYe eoUection eyer placed befiMre the profession. By their use mneb 
nme and labour will hm saved, and the oluuices of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will b* 
eonsidered complete without them. 

*' Vlf wtffh Is iirVALva»uir''-<Mif0ry go rtH i t i 

** Ought to be in bvbbt office where even occasional conversions are required. . • . ProlL 
0MnH'B TABLB8 form very bzcbllbbt chbcks on results."— ficcerteoi JUview. 

"Prof. Sttltb d«ierve«fhe heaftgr tbants, not only of the EiroiirBn, but of tBe OokMBBOiAk 
WoBLD, for having sm9otbed the way for the adoption of the Mbybic Btstbm of Mbasvbbmbbv* 
a sabject which is now assuming neat importance ss a factor in maintaining our HOin upon 
yoBBioB TBADB."— The Jr<nAllMr|rJr«r1kiC. 

LOMBi: CHARLES «im% &. CO., LIMITED, EXETER STREET, HUIUL 






SNmjfMOBRI^Q AMD MBC^ANli^. 4K 

In Large %vo. Handsome Cloth. With Plates and Jllustraiions, 16s. 

AT HOME AND ABROAD. 

By WILLIAM HENKY COLE, M.Inst.O.R, 

Late Deputy-Slanager, North- Western IMIwttjr, InMih 

Con««ite.— Discussion of the Term '* Light Railways."— English Railways, 
Rates, and Farmers. — Light Railways in Belgium, France, Italy, other 
European Countries, Amerioa and the Colonies^ India, Ireland. — Road Trans- 
port as an alternative.— The Light Railways Act, 1896. --The Question of 
Gauge. — Construction and Working. — Locomotives and Rolling-Stock. — Light 
Railways in England, Scotland, and Wales. — Appendices and Index, 

*' Mr. W. H. Cole has brought together ... a LAftea amount of yalvabls inpobiia- 
TICK . . . hitherto practically inacceseible to the ordinary reader."— 2nmM. 

'* Thbrb oould bb ko bkttxb book of first reference on its subject. All classes of 
Engineers will welcome its appearance."— ^Scot^nuin. 



Thisd Enxnour, JUvind and Enlarged. Poeket-Size, Leather, I2s. 6d.; al»9 Larger Sine for 

Offiu Use, Cloth, 12jh «d. 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 

A Haztdbook or Rules, Formuka, Tables, &c., belativb to MatxbiaIi» 

SoAiTFLDf OS, AND PBEssintss, Sakkty Valteb, Sbbunw^. 

Firmf OS aitd Motophnos^ &o» 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILEiil- MAKERS, 

AND STEAM USERS. 

By T. W. TRAILL, M. Imto 0. K, F.E.RN., 

Late IngiBeer Sorreyop-iB^Chief to tAe Board of ThMlSb 



*«* To TBS Seoons and Thibd Editions many New Tables for Pbibsubes 
up to 200 Lbs. per Square Inch have been added. 



" Thb MOST TAUJABUVWOBK on Boilers pabllshed in England."— SftifiipiNa WoirUL 

"Contains an Bnoufous Quartitt or iMroBM atioh urangedin a rerj oonrenient fovflK. . 
Awtmmmnmamm . . . sBp|ri>>iniiBfevaurttottt)o1iohsAnowh«ieelsBi.'*~2 



LOMOON: GHiMlEa GRlFFIIi * CO.. LUIiTED, EXETER STREET. UmiB. 
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In Orovm 8vo^ extra, with Numerous lUuatrafions. [Shortly. 

GAS AND OIL ENGINES: 

AN INTRODUCTORY TEXT-BOOK 

On the Theory, Design, Constrnction, and Testing of Internal 

Combustion Engines withont Boiler. 

FOR THE nS£ OF STUDENTS. 

Br 

Prof. W. H. WATKINSON, Whit. Sch., M.Inst.Mkch.K, 

Glasgow and West of Scotland Technical College. 



Engineering Drawing and Design 

(A TEXT-BOOK OF). 

Second Edition. In Two Parts, Published Separately. 

Vol. I. — Pbactioal Geomktrt, Plane, and Solid. 3s. 

Vol. II. — Machine and Engine Drawing and Design. 4s. 6d. 

BT 

SIDNEY H. WELLS, Wh.Sc, 

▲.M.IK8V.C.X., A.M.IlfBT.MSCH.B., 

Principal of the Battenea Polrtechnie Institute, and Head of the Engineering Department 

therein ; formerly of the Engineering Departments of the Yorkshire College, 

Leeds ; and Dulwich College, London. 

With many lUustrcUions, specially prepared for the Work, and numsrou§ 
Examples, for the Use of Students in Technical Schools and Colleges. 

*' A THoaovoHLT vsiruL wouc, exceedingly well written. For the many Examples and 
Questions we have nothing but praise."— ^a<Mre. 

" A CAPITAL TiXT-BOOK, arranged on an bzcilukt ststbu, calculated to give an intelligmt 
irasp of the 8nl]tiect, and not the mere faculty of mechanical copying. . . . Mr. Wells shows 
now to make coMKJni wobkiho-dbawirob, discussing folly each step in the design."-<-JR«elrieo2 

**The first book leads basilt and batubaut towards the second, where the teehniiial papil 
Is brought into contact with large and more complex designs."— 27m SchoolmMitr. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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MPNBO k JAMIESON'S ELECTRICAL POCKET-BOOK, 

Thirteenth Edition, Revised and Enlarged. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.E. 
With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

OENERAL OONTBNTS. 



Units of Measurement. 

Measures. 

Testing. 

Conductors. 

Dielectrics. 

Submarine Cables. 

Telegraphy. 

Electro-Chemistry. 



Electro-Metallurgy. 

Batteries. 

Dynamos and Motors. 

Transformers. 

Electric Lighting. 

Miscellaneous. 

Logarithms. 

Appendices. 



1 « ' 



WcNDBRFULLY Pbkfbct. . . . Worthy of the highest comnumdatien we caa 
five It.*'— £l€Ctrician. 

"The Sterung Valvs of Meitn. Mumro and Jamibsom's Pocxbt-Book."— 
EUcfricml Revievu, 



Electncal Measurements k Instriunents. 

A Practical Hand-booh of Testing for the Electrical 

Engineer 

By CHARLES H. YEAMAN, 

Amoc. Inst. RE., formerly Electrical Engineer to the Corporation of Lircrpool. 

[In Preparation. 



Second Edition, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

GRIFFIN'S ELECTRICAL PRICE-BOOK. 

For Eleetrieal, Civil, Marine, and Borough Engineers, Local 
Authorities, Architects, Railway Contractors, ^., &c« 

Edited by H. J. DOWSING, 

Mtmbtr 0/tfu Insiiiuticn of EUcirical Engineers; of the Society of Arts; ^the Lofuhm 

Chantber ofComsmercOf ^c. 

" The Elbctrical Pricb-Book rbmovbs all mystbry about the cott of Electrical 
Power. By its aid the bxpbnsb that will be entailed by utilising electricity on a large or 
small scale can be discovered." — Architect. 

"The value of this Electrical Price-Book CANNOT BB OTBR-BSTIMATBD. • . . H^HU^ 
lave time and trouble both to the engineer and the business xsvsxl.**— Machinery. 

LONDON : CHARLES QfllFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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By FBOFESSOBS J. H. POYlffTINfi k J. J. THOMSOK. 

In Large Syo. Fully Illustrated. 

A TEXT-BOOK OF PHYSIOS: 

coMPKiima 

PROPERTIES OF MATTER; BOUND; HEAT; MAGNETISM 
AND ELECTRICITY; AND LIGHT. 

BY 

J. H. POYNTING, J. J. THOMSON, 

•CD., r.ius., AND 1C.A., r.K4(.* 

Lftto Fellow of Trinity College, Cambridge: Fellow of Trinity College, Cambridfe: Patt 

ProfeMor of Physics, Mason College, of Experimental Physics in the UniTtnl^ 

Blmingiuun. of Cambridge. 

Tolume I., Now Ready, Price Ss. 6d. 

SOXJPf I>. 

Contents.— T)iQ Natare of Sound and its chief Char ac'eristica.— The Velocity of Soaad 
in Air and otker Media.— Eefl.^cdoa and Befraotion of Sound. — Frequency and Pitch of 
Notes.— Resonance and Forced Oscillations.— Analysis of Vibrations. — The Transverse 
Vibrations of Stretched Strings or Wires.— Pipes and other Air Gayities.— Bods. — Plates. 
— Membranes. — Vibrations maintained by Heat.— Sensitive Flames and Jets.— Musical 
Sand.— The Superposition of Waves.— Index. 

*»* PmWmA€)V Note.— It is intended that this important and long-expkothd 
Trkatisx shall be issued in csepiirate Volumes, each complete in itself, and 
published at regular intervals. 



In large 8vo, with Bibliography, Illustrations in the Text, and seven 

Xiitfaflgraphed Plates. 12s. 6d. 

THE MEAN DENSITY OF THE EARTH: 

An Essay to which the Adams Prize was adjudgred in 1893 in 

the University of Cambridge. 

BY 

J. H. POYNTING, Sc.D., F.R.S., 

Late Fellow of Trinity College, Cambridge; Professor of Physics, Mason 

•Colkiee» Birmingham. 

" An aeooant of this sahlect eannot fail to be of oaBJLT and obhieal nvasMV to the ecieiitille 
imImI. Bspeeiallf is jbhis fthe case when the acooant is given bj one who has eontribaftsd m» 
in 



•onsiderablj as has Prof. Poynting to our present state of knowledfe with reipeet to « 

tiitftcnlt subject. . . . AemarJcaDljr has Newton's estimate been venfied bf Prof. Poyntinf ."— 

lOMDON: CNARLE8 GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



§6, GRIFFIN'S NAUTICAL SERIES, 

Edited by EDW. BLAOKMORE, 

ICMter Huiner, First Cltai Trinity Howe Oeriiflcate, Auoc. Inst. N. A. ; 

Akd Written, mainlt, by aAiLOBS for Sailobs. 

" This APIOXABLB SnUBS."— i^airplai^. " A YMUt USEFUL SB«tBg."-'iir««MM. 

** ne^nokmes of Messbs. Qmrwara Nautkal flaiXEi may wsll nad yrofltsUly te 
Msd by AJ3L interested in our EIXIOHAL XABmiCB progress."— iforine Engineer. 

" Byset Ship should have tbe whole Series as a Beivresce Librart. Haed- 

•OMELT BOUED, OLEARLT PRIKTED and XLLUSTRASaO)."— L»O0rpoo{ Jwm. qf Comm«rC0, 



The British Mercantile Marine : An Hirtorioal Sketch of its Biae 

and Development. By the Bditor, Capt. Blaokmobb. 8s. 6d. 

" Captain Blackmore's SPLENDID BOOK . . . oontainsparagiaplis on every poiab 
of interest to the Merchant Marine. The 248 pages of this book are the most valu- 
able to the sea oaptain that have ever been compiled."— if «rcAa)U Jiiervw Mgvimk 



Elementary Seamanship. By D. Wilbon-Bakkeb, Master Manner, 
F.B.S.E., F.B.a.8. With numerous Plates, two in Colouxs, and Frontlspieoa. 
SEOOND Xditioe, Bevised. 58. 
''This APETRABLB ICANUAL, by CAPT. WlLSOE TtA»g»»^ of the *Woroest«r,' 

to us PflRPBOSLT DBSiaEED."— ^t&e»«sum. 



Know Tour Own Ship : A Simple Explanation of the St^OnUty, Cen- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walioe, Naval Arohiteok 
With numerous Illustrations and additional Chapters on Buoyiau;y, Xruu, auU 
Calculations. Fourth Edition, Bevised. 7s. 6d. 
*'Me. Walton's book will be found tery useful."— I'As JtSngiat^r, 



The Construction and Maintenance of Vessels built of Steel. 

By Thos. Walton, Naval Architect. [ShorUjf. 

Navigration : Theoretical and Practical. By D. Wilson-Barkbb, 

Master Mariner, Ac, and William Allinoham. Ss. 6a. 

"Precisbly the Und of work required for the New Certificates of competency. 
Candidates will find it DfYALUABLB. "—i>unde« Advertiter. 



Latitade and Lonsritude : How to find them. By W. J. Millab, 

C.B., late Sec. to the Inst, of Engineers and Shipbuilders in Scotland. SE. 
*' Gamot but prove an acquisition to those studying Navigation."— Jf orins Bnginsmr. 

Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.B.A.S. 88. 6d. 
'< Well worth the money . . . exoeedingly rvlpwu"— Shipping WcrUL 

Marine Meteorology: For Offioera of the Merchant Navy. By 
William Aujegham, First Class Honours, Navigation, Science and Art Department. 

iSkoray. 

Trigonometry : For the youne Sailor, &c. By Rich. C. Buck, of the 
Xluunes Nautical Training College, S.M:.S. "Worcester." Price 8s. 6d. 
" This eminently praotioal and reliable volume."— <SSeAoo{tna«ter. 



Praetteal Algebra. By Rich. C. Buck. Companion Volume to the 
above, for Sauors and others. Price 8s. 6d. ,,.,,,, 

" It is just the book for the young sidlor mindful of progress."— ATautMa^ Mag mrim ti. 



_ Legal Duties of Shipmasters. By Bbhedict Wm. Giksbob©, 

M.A, LL.D., of the Inner Temple and Northern Circuit: Bairister-Bt-Law. 

Price 4s. ed. 3 ...... 3 , ^ 

** lETALUABLB to Masters. . . . We can fully recommend it. —£3k<i)pffH7 ^i^Mf^te* 

A Medieai and Surgieal Help for Shipmasters. Inclndu^ Krst 

Aid at Sea. By Wm. Johnson Smith, F.B.C.S., Principal Medical Officer, Seaman'a 

Hospital, Greenwich. 6s. 

"80UED, JUPiaous, really helpful."- rA« Lancet. 
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4i OMAMLMS QMiWnXt S OOJa FUMLWAT10M9. 

J 

GRIFFIN'S NAUTICAL SERIES^ 

Price Ss. 6d. Post-free. 

■ruE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 

MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 

IN SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

General Contents.— Historical : From Early Times to 1486— Pn^es* 
under Henry VIIT. — ^To Death of Mary — During Elizabeth's Reign—Up to 
the Beign of William III. — The 18th and 19th Centuries — Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade-Shipi)ing Legisktion, 1862 to 1876— " Locksley Hall" Case— 
Shipmasters' Societies— Loading of Ships — Shipping Legislation, 1884 to 1894 — 
Statistics of Shipping. The Personnel : Shipowners— Officers— Mariners — 
Duties and Present Position. Education : A Seaman's Education : what it 
should be— Present Means of Education— Hints. Discipline and Duty— 
Postscript — ^The Serious Decrease in the Number of British Seamen, » Matter 
demanding the Attention of the Nation. 

*^ iKTSBXSTiNa and Ikstructivx . . . may be read with pboftt and sxrjOTMxxT.**— 
&kugov Htrald. * 

**£yBRT BBAKCH of the subject Is dealt with in a way which shows that the writer 
'knows the ropes* familiarly.*'— 5eo<«man. 

**Thi8 ADMiBABLK book . . . iXBMS with ascful information— Shonld be in tb* 
hands of eyery BBi\or."—Wutem Morning Nevn. 



WORKS BY RICHARD C. BUCK, 

of the Thames Nautical Training College, H.M.S. ' Worcester.' 

1. A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Post-free 3s. 6d. 

*^^ Mr. Buck's Text-Book has been specially fbepabed with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
ifl an obligatory subject. 

*'This BHDrENTLT PRACTICAL and SELIABLK YOLUMB.*' — Schootmoster, 

2. A Manual of Algebra. 

Designed to meet the Requirements of Saiiora and others. Price Sa, 6d^ 

\* These elementary works on algebra and trioonombtrt are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for *'bbl»- 
HBLP." All but the simplest explanations haye, dierefore, been avoided, and answxbs to 
the Exercises are given. Any person may readily, by careful study, become master of their 
oontenta, and thus lay the foandation for a further mathematical course, if desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
■errloeable. The Examples and Exercises are taken from the Examination Bspers set for 
the Oadeto of the '' Worcester. *' 



* * 



'«* For complete List of GRivmr*B Nautical Sxrixs, see p. 45. 
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NAUTICAL WORKS. 47 



GRIFFIN'S NAUTICAL SERIES, 

Second Edition. Price Ss. Post-free, 

ELEMENTARY "sE/TmANSHIP. 

BT 

D. WILSON-BARKER, Mastbb Mariner; F.R.S.E., F.R.G.S.,&c., &o.> 

TOUNQXR BROTHBR OP THB TBINITT HOUSB. 

With Frontispiece, Twelve Plates (Two in Colours), and Illustrations 

in the Text. 

General Contents.— The Building of a Ship; Farts of Hull, Masts^ 
&& — Ropes, Knotty Splicing, &c. — Gear, Lead and Log, &c, ^~ Rigging, 
Anchors — Sailmakmg — The Sails, &c — Handling of Boats under Sail — 
Signals and Signalling — Rule of the Road— Keeping and Relieving Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

*«* The volume contains the new rtjlbb of tbb road. 

** This ASM iHABLs MANUAL, by Oapt. Wilson-Bakker of the *' Woroeiter," seems to n» 
nuvBCTLT DESIGNED, and holds its place excellently in ' Gbiftin's Nautical Sbrix&' . . . 
Although intended for those who are to become OfBcefs of the Merchant Nayy, it will be 
found useful by all tachtsmbn.**— il<^^«tfm. 

** Five swings will be wbll spbht on this liule book. Capt. Wu^sok-Barkbe know* 
from experience what a young man wants at the outset of his CMTeer.^—The Engineer. 



Price Ss. 6d, Post-free. 

:]t^AviaATioN 



By DAVID WILSON-BARKER, R.N.R., F.R.S.E., «fec., &c., 

AND 

WILLIAM ALLINGHAM, 

mtST-OLASS HONOUKS, NAVIGATION, SCIBNCB AND ART DEPARTMENT. 

VSlitb Vlumetoud ^nuattatlone ant) Bsamfnation (RucdtionB* 

• General Contents. — Definitions — Latitude and Longitude — Instrumenta 
of Navigation — Correction of Courses— Plane Sailing — Traverse Sailing— Day*» 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart — 
Mercator Sailing — Current Sailing — Position by Bearings— Great Circle Sailing 
— ^The Tides — Questions — Appendix : Compass Error — Numerous Useful HintSf 
&c. — Index* 

" Pbbgisblt the kind of work required for the New Certificates of competency in frrade* 
fjrom Second Mate to extra Master. . . . Candidates will find it in VALUABLB/'—^afidM 
Advertiser. 

**A CAPITAL UTTLB BOOK . . . Specially adapted to the New Examinations. The 
Anfhors are Oapt. Wilsoh-Babkbr (Captain-Superintendent of the Nautical College, H.M.S. 
** Worcester,** who has had great experience in the higher t problems of Navigation), and 
Ms. ALLnraHAM, a well-known writer on the Science of Navigation and Nautical Astronomy. " 
^Shipping World. 

%*For complete List of Gbitfix'b Nautical Sxriks, see p. 45. 
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4* OBAttUU OBtrnW * OO.'B FVMLIOA TtOKB. 

QRHTDTS HAUTICAL SEMES- 

Crown 8yo, with Namerous IHnstrfttioni. Handsome Cloth. 3s. 6d. 

Practical Mechanics: 

Applied to the Eeqmrements of the Sailor. 

By THOS. MACKENZIE, 

Moitw Mariner^ F.R.A.8. 

General Contents. — Resolution and Composition of Forces— Work done 
by Machines and Living Agents — The Mechanical Powers: The Lever; 
Derricks as Bent Levers— The Wheel and Axle : Wiadlass ; Slup's Oapstam ; 
Crab Winch— Tackles : the "Old Man"— The Indined Plaae; the Scraw^ 
The Centre of Gravity of a Ship and Cargo — Relative Stre&ffth ef Rope : 
Steel Wire, Manilla, Meinp, Coir — ^Derricks and Shears — Calculation of tiie 
Cross-breaking Strain of Fir Spar — Centre of Effort of Soils — Hydrostatics: 
the Diving-beU ; Stability of Floating Bodies ; the Ship's Bump, &c. 

'* This excellent book . . . contains a labqe amouitt of InformatiaD.* 
— Nature. 

" Well worth the money . . . will be found xxobedinolt hk^vul." — 
Shipping World. 

"No Ships' Oppicers' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics.' Notwithstanding my many 
years' experience at sea, it has told me Iiow much more there it to (icqture," — 
{Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have taken 
in 'Practical Mechanics.* . . . It is a life's experience. . . . 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c ! 'Practical Mechanics' would bate aZiL 
THIS." — (Letter to the Author from another Master Mariner). 



Crown 8vo, with Diagrams. 28. Post-free. 

Latitude and Longitude: 

Homr to Find tl&exn. 



By W. J. MILLAR, C.E., 

Late Secretary to the Intt. of Enginttrt and Shipbuilders in Scotland. 

" CoNOisBLT and clearly written . . . cannot but prove an aequisitian 
to those studying Navigation." — Marine Engineer. 

" Toung Seamen will find it handt and U8EFT7L, simple and CLSiAlL**-^TJu 
JBhiffineer» 



« « 



For Complete List of Griffin's Nautical Sbbjis« see p. 45. 
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MAVKGAL WOMXS, 



In Crown Svo, Handsome Cloth. 4s. 6d. PoBJk-£r»e. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BENEDICT WM. GINSBURG, M.A., LL.D. (Cajjtar), 

Of the Inner Temple and STorthem Circuit ; Barrister-at-Law. 



kl Contents .—The Qualification for the Position of Miipmaster— The Con- 
tract with the Shipowner— The Master's Duty in respect of the Crew : Bngagement ; 
Apprentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of wages and Discharge— The Master's Duty in respect of the Passengers— The Master's 
Financial B^sponsibilities— The Master's Duty in respect of the Cargo— The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues— The Master's Duty 
upon Arrival at the Port of Discharge— Appendices relative to certain Legal Matters : 
l^ard of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Begula- 
(ions, Life-saving AppUuMes, Carriage of Cattle at Sea, Ac, Ac- Copious Index. 

" No intelligent Master should fail to add this to bis list of useAil and necessary booHu. 
The ^ee (4s. 6A.) cannot he quoted as an excuse for non-possession, and a few lines of it 
may save ▲ lawtkb's veb, besides endless woBSY/'-^Liverpool Journal of Commerce. 

" Sensible, plainly written, in clear and non-tkchnical lanquaqe, and wili be found of 
iiucH SBBViGB by the Shipmaster."— i3rt<t<A Trade Review. 



FIRST AID AT SEA. 

With Coloured Plates and Numerous lltustrationa, 68, 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.E.O.S., 

Principal Mftdifflfcl Officer, Seunen's Hospital, Greenwich. 

%* The attention of all interested in our Merchant Navy is requested to this exceedingly 
Qseful and valuable work. It is needless to say that it is the outcome of many yean 
PBAoncAL sxpsBiBKCB amongst Seamen. 

" Sound, judicious, bsallt BBLrruL.'*— TAe Lancet. 



MARINE METEOROLOGY 

FOR OFFICERS OF THE MERCHANT NAVT. 

BY 

WILLIAM ALLINGHAM, 

Joint-Author of <* Navigation, Theoretical and Practical." 

[/» Preparation. 
*,* For Complete List of Gbiffin's Nautical Series, see p. 45. 
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• OBAJUM aatmn a oo,'M PUMuaATioma. 

gBirmrs nautical series. 

^OUKTH Edition. Revised throughout, vnth additional Chapters on 

Trim^ Buoyancy, and Calculaiions, Numeroui Illustration$, 

Handsome Clothe Crown Svo. 78, 6d. 









By THOMAS WALTON, Naval Architect. 

SPXOIALLT ARRANGED TO SUIT THE REQUIREMENTS OF SHIPS* OFFICERS^ 
SHIPOWNERS, SUPERINTENDENTS, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

Thid work explains, in a simple manner, such important 
subjects as: — 

Displacement, Deadweight, Tonnage, Freeboard, Moments, 

Buoyancy, Strain, Structure, Stability, Rolling, Ballasting, 

Loading, Shifting Cargoes, Admission of Water, 

Sail Area, &c., &c. 



tt 



The little book will be found exceedingly handt by most officers and 
officials connected with shipping. . . . Mr. Walton's work will obtain 
lasting success, because of its unique fitness for those for whom it has been 
written." — Shipping World, 

** An EXCELLENT WORK, full of soUd instruction and invaluable to every 
officer of the Mercantile Marine who has his profession at heart." — Shippina.^ 

** Not one of the 242 pages could well be spared. It will admirably fulfil its 
purpose . . . useful to shi^ owners, ship superintendents, ship draughts- 
men, and all interested in shipping." — Liverpool Journal of Commerce. 

** A mass of vert useful information, accompanied by diagrams and illus- 
trations, is given in a compact form." — Fairplay, 

** A laige amount of most useful information is ^ven in the volume. 
The book is certain to be of great service to those who desire to be thoroughly 
grounded in the subject of which it treats." — Steamship. 

** We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admirably con- 
densed, and is simple enough to be understood by every seaman."— Jjfannt 
JSngineer. 



By the Same Authob. 
In Preparation, 

THE CONSTRUCTION AND MAINTENANCE 
OF VESSELS BUILT OF STEEL. 

Illwftrafed with Numerous Plates and Diagrams, 
For Complete List of Griffin's Nautical Series, see p. 45. 
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aSOLOOY, IttUINQ, AND itBTALLUSOT. 51 



Griffin's "New Land" Series 



§§7-8. Griin's Geological, Prospecting, MiniDg, and 

MetallQi^gical MUcations. 

FAGK 

Geology, Stratigraphlcal, B. Etheeidoe, F.R.S., . 52 

„ Physical, . Prop. H. G. Seblby, . . 52 

,» Practical Aids, SrdEd., Prof. Grenville Oole, . 53 

M Open Air Studies, . „ ,, . 86 

Sew Land" Series I -p, \.^x>^r.^ n^r^ ka 

for Prospectors, P^- ^y ^^^"^^ ^^^^' • ' ^^ 

1. Prospectincf for Minerals, S. Herbert Cox, A.RS.M., . 55 

2. Food Supply, . . Robt. Bruce, ... 54 

3. New Lands and their ) 

Prospective Advan->H. R. Mill, D.Sc, F.R.S.E. 54 
tag*es, . . . j 

4. Building Construction, Prof. Jas. Lyon, . 54 
Ore and Stone Mining, 2nd £d., Prof. Lb Neve Fostbb, 56 
Elementary Mining, . „ „ 56 

Coal Mining, 3rd Ed., . H. W. Hughes, F.G.S., 57 

Petroleum, .... Redwood and Holloway, 58 

Mine-Surveying, 6th Ed., . Bennett H. Brough, A.RS.M. , 59 

Blasting and Explosives, O. Guttmann, A.M.I.C.E., . 59 

Mine Accounts, . . Prof. J. G. Lawn, 60 

MetaUuFgy(Gener^ Treatise I p^j^^j^3^„B^^^„„^^^ 61 

,, (Elementary), Prof. Humboldt Sexton, 66 

Assaying, 5th Ed., . . J. J. & C. Berin^ser, . 66 

Griffin's Metallupgieal Series{^*;^^/ ^p«^/s^"""«™-^''«^^^' 

^* ^l^ i.!?®**^^"*^ 0^'Ii>RKiekeIIose,A.R.S.M., 64 
ord Ed., ... J ' ' 

3. Iron, Metallurgy of, . Thos. Turner, A.R.S.M., . 65 

4. Steel, „ . F. W. Harbord, A.R.S.M., . 65 
6. Silver and Lead, ,, . H. F. Collins, A.RS.M., 65 

6. Metallurgical Machinery, H. C. Jenkins, A.RS.M., , 62 

Getting Gold, 2nd Ed., . J. C. F. Johnson, F.G.S., . 55 

^ RefllSngf '^^"?''^ . ^^ } BoRCHERs AND McMillan, . 67 

Tables for Quantit^^^ 1 J. James Morgan, . . 67 

Metallurgical Analysis, J ' 

Electro-Metallui^ry, . W. G. McMillan, F.I.C., . 68 

Goldsmith and Jeweller's Art, Thos. B. Wigley,. . 68 
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SS CMAMLM» QMiFFiM A VO^B FUMLMOAriOmS. 

Demy 8vo, Hemdamn^ cMh, 18$^ 

Pbysical Geology and Paleontology, 

OJ^ TEE BASIS OF PEILLIPS. 
HARRY GOVIER SEELEY, F.ILS, 

PROFBSaOR OF CSOGRArHY IN KING'S COH»6i»> BSNDOMl 

VUCb ytontf6piece in Cbtomoi'XitbO0fiipbp^ and SUoetraMoiif^ 

** It ii impossible to piaise too highly the research which Pkofbssok Sxuxt*» 
« Physical Gkology ^ evidences. It is fak mokb than a Text-book— it ifr 



a DiKBCTOHY to the Student in prosecuting his researches." — a 

dress to the Geological Society^ 18S5, by Rev, Pnf, Bmtugt, D.Se^f ULI}.^ P.M.Sm 

" Pbofvssor Sbbley maintains in his * Pmtsical Geouwt ' die high 
repntation he already deservedly bears as a Teacher." — Dr, Hmay WeHd- 
ward, F.R.S.^ in the ** Geologual MagOMtne:' 

'* Professor Seeley's work includes one of the most satisfaetoiy lVca(iM» 
on lithology in the English language. ... So mnch that is not 
in other works is presented in this volume, that no Student of Geology 
afford to be withont it." — Awteriemn Journal of Engineering, 



Demy Svo, Handaoms oloth, 34a* 

StratlgrapMcal Geology & Paleontology, 

OJV TEE BASIS OF FEILLlFS. 

ar 
ROBERT ETHERIDGE, F.R.S^ 

OP TMB NATVKAL KIST. DBrARTMBNT. BKITISir UVSSUU, LATS PALi«ONT0U>GI9r fO THB 
6BOLOGICAL SURVBY OP GRBAT BRITAIN, PAST PRBSIDBMT OF THB 

GBOLOGICAI. SOCIXTY. STC 

Vlitb Aap» fittmetou0 TTaUeBt an5 ;i:i>irts<^is platcA. 



** If • Midi compendium of geological knowledge has ever been brouf^ t o g e A e a 

n^ ottwtttuter /l#mmv. 

*' If Prop. Skblky's rolume was remarkable for its originality and (he breadth ef its 
Mr. Etmbridgb fully justifies the assertion mad« in his preface thitf his book dtfhn ; 
fraction and detail from any know manual. . . . Mast take mew aAMK aimmb 
OP rbperbncb. ^'—AtMem nam . 

1 ■ - - I ■ — ■ — ■ — ■ — - ____^_^_^^.^^^__^_______^^ 
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Works by ORENVILLE A. J. COLE, H.R.LA., F.«.S., 

of G«olaKr « tfM Bwyal CoU^fc of 9ci«B«e for IrehaA. 



PRACTICAL GEOLOGY 

(AIDS IN): 

ir/THT A SSCTIOir OiT rALjeONTOLOGY. 

By professor GRENVILLE COLE, M.R.LA., F.G.Su 

Third Edition, Revised and in part Re-written. With Frontispiece 

and Illustrations. Ootfa, los. 6d. 



aUNERAL CONTSNTS.— 

PART I.— Sampling of the Earth's Crust. 
PART II. — Examination or Minerals. 
PART III.— Examination of Rocks. 
PART IV.— Examination of Fossils. 

"Frof. Cde treats of the esaumnatioii of minerals and roclci in a way that has nei 
Wm attemplod before . . . desbiiting op thb highbbt yuAiss. Here indeed arar 
'Aids ' INNUMBRABLB and iNVALUABLa All the directions are given with the utmost dear> 
mam and precision. " — AtAtfutum, 

"T» the fowiger workers in GeoltMnr, Prof. Col^s book wil be as imnsrsaiSABUi as • 
iBtiOBiy to tbe learners of a hasaage.^-->S«/kwndbf Rmi^m, 

"That the work desenres its title, that it is full of 'Aids/ and in the highest degree 
'PKACTICAL,' will be the rerdict of all who use it.*' —Nature. 

" This KXCBLLKNT MANUAL . . . will be A VKKT GRKAT MBLP. . . . The SeCtlOIk 

•B the F.yamination of Fossils is pmbably the bbst of its kind yet published. . . . Full 
•f wdl-digested infonaation from the newest sources and from personal research.** — AntuUs 
0/N*i, Hi$Urf' 



OPEN-AIR STUDIES! 

An Introdnetion to Geolo^ Out-of-doors. 

Bv PROFESSOR GRENVILLE COLE, M.R.IA., F.G.Sw 

With 12 Full' Page Illustrations from Photographs* 

Cloth. %s, 6d, 

For details, see p. 86. 



Edited by PROFESSOR COL.B. 

Tbe ''Hew Land'' Series for Colonists and Prospectors 

(See next page). 
LOWKm: GHMLES ffllFFm A CO,, UMITED, EXETER STREET, STRAND, 
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The "New Land" Series 
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Practical Hand-Books 

Tor the Use of Prospectors, Explorers, Settlers, 

Colonists, and all Interested in the opening 

up and Development of New Lands. 

EDITED BY 

GRENVILLE A. J. COLE, M.EJ.A., F.G.S., 

Professor of Geol<^y in the Royal College of Science for Ireland. 
Large Crown 8vo, Cloth or Leather, with Illustrations. 



Vol. 1.— PROSPECTINa FOR MINERA.LS. By S. 
Herbkrt Cox, Assoc.R.S.M., M.Inst.M.M., F.G.S. Cloth, 
5s. ; Leather, rounded corners, 6s. 6d. 

'^* If the succeeding volumes of the Nbw Land Series are equal in merit t^ the First, 
-we must congratulate the Publishers on successfuily tilling up a gap in existing literature." 
— Mining Journal. 

Vol. 2.— food SUPPLY. By Robert Bruce, Agricultural 
Superintendent to the Royal Dublin Society. With many 
Engravings and Photographs. Cloth, 4s. 6d. 

" Bristles with information."— Farmer*' Gazette, 

ly PREPARATIOX. 

Vol. 3.— new LANDS AND THEIR PROSPECTIVE 
ADVANTAGES. By Hugh Robert Mill, D.Sc, 
F.R.S.E., Librarian to the Royal Geographical Society. 

Vol 4.— BUILDING CONSTRUCTION in WOOD, STONE, 
AND CONCRETE. By Jas. Lyon, M.A., Professor of 
Engineering in the Royal College of Science for Ireland ; 
sometime Superintendent of the Engineering Department in 
the University of Cambridge; and J. Taylor, A.R.C.S.L 



*^* Other Volumes will follow, dealing with subjects of 
Primary Importance in the Examination and Utilisation of 
Lands which have not as yet been fully developed. 

LONDON : CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, STRAND. 



PROSPBOTINO AND MUfllfa. $$ 

GRIFFIN'S "NEW LAND" SERIES . 

j^0W Heady, With Illustrations. Price in Cloth, 6s, ; strongly bound in 

Leathery 6«. 6c?. 

PROSPECTING FOR MINERALS. 

A Practical Handbook for ProapectorSf Expforers, SeWera, and all 
interested in the Opening up and Development of New Lands.' 

BY 

S. HERBERT COX, Assoc.RS.M., M.Inst.M.M., F.G.S., <kc. 

General Contents. — Introduction and Hints on 6«ology — The Determina- 
tion of Minerals : Use of the Blow-pipe, &c.— Bock -forming Minerals and Nou- 
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, Litho- 
graphic Stone, Quartz and Opal, &c., &c. — Precious Stones and Gems — Stratified 
Deposits: Coal and Ores— Mineral Veins and Lodes — Irregular Deposits- 
Dynamics of Lodes : Faults, &c. — Alluvial Deposits — Noble Metals : Gold, 
Platinum, Silver, &c. — Lead — Mercury — Copper — Tin — Zinc— Iron — Nickel, 
&c. — Sulphur, Antimony, Arsenic, &c. — Combustible Minerals— Petroleum — 
General Hints on Prospecting— Glossary — Index. 

"This ADHIRABLB LITTLK WORK . . . written with SCIBNTIFIO A0CURA07 in a 

cut KB. and LUOID style. ... An important addition to technical literature . . . 
^11 be of value not only to the Student, but to the experienced Prospector." — Mining 
J'oumcU. 



NOW READY. Vol. II. With many Engravings and Photographs. 

Cloth, 4s. 6d. 

T'OOD SUPPLY. 

By EGBERT BRUCE, 

Aj^ricultnral Snperintendent to the Royal Dublin Society. 

With Appendix on Preserved Foods by C. A. Mitchell., B.A., F.I.C. 

General Contents. — Climate and Soil — Drainage and Rotation of 
Crops — Seeds and Crops — Vegetables and Fruits— Cattle and Cattle- 
Breedine — Sheep and Sheep Rearing — Pigs — Poultry — Horses — The Dairy 
— The Farmer's Implements — The Settler's Home. 

"BKI8TLKS WITH INFOBMATION."— /'arfW«r«' QoZtiU. 

Second Edition. With Illustrations, Cloth, *Ss. Qd. 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 
By J. C. F. JOHNSON, F.G.S., A.I.M.E., 

Life Member Australasian Mine-Managers* ABsociation. 

General Contents.— Introductorj- : Getting Gold— Gold Prospecting 
'(Alluvial and General) — Lode or Reef Prospecting — The Genesiology of Gold — 
Auriferous Lodes — Auriferous Drifts— Gold Extraction — Secondary Processes 
and Lixiviation — Calcination or '* Roasting " of Ores — Motor Power audits 
Transmission— Company Formation and Operations — Rules of Thumb : Mining: 
Appliances and Methods— Selected Data for Mining Men — Australasian Mining 
Regulations. 

"PRAonoAL from b^inniog to end . . . deals thoroughly with the Prospecting, 
linking, Crushing, and Extraction of gold."— JSn'e. Attstralanan. 

.LONDON: CHARLES GRIFFIN & CO.. UlilTED. EXETER STREET. 'STRAND. 
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d OHARLm GRIFFIN S OO.'B PUBLWATIONS. 

ORE &; STONE MINING 

BY 

C. LE NEVE FOSTER, D.Sa, F,R.S., 

VKOFBSaOlt OP MINING, KOYAL COLLBCB «P SCIENCB H.M. INSPBCTOK OF IfOfBft, 

Third Edition. With Frontispiece and 716 Illustrations. 34s. 



*' Dr. Fotler^s book was expected to be bpoch-making, and it fully justifies sudi expco- 
tation. ... A MOST admikabub accouat of the mode of occurrence of practically jjjl 
KMVfiv MXMSXAU. Probably stands umki vallbd for completeness. *— Tfu Mining f^ntmni. 

GENERAL CONTENTS. 

INTRODnCTION. Mode of Oeeurrenee of Minerals : Glaasification: Tabolar 
Depotito, MaMe»-*Bxunplee: Alum, Amber, Antimony, Arsenic, Asbestos. Asphalt* 
Barytes. Borax, Boric Acid, Carbonic Acid, Clay, Cobalt Ore, Copper Ore, Diamonds, 
FUnt, Freestone, Gold Ore, Qraphite, Gypsum, Ice, Iron Ore, Lead Ore, Manganese 
Ore, Mica, Natural Gas. Nitrate of Soda, Ozokerite, Petroleum, Phosphate of Lime, 
PoCassium Salts, QuioksiiTer Ore, Salt, SiWer Ore, Slate, Sulphur, Tin Ore, Ziao Ore. 
Faults. Ppoapeeting : Chance Discoveries — Adyentitious Finds — Geolorv as a 
Gnide to Mineimls— Associated Minerals— Surface Indications. Boring: Uses tA 
Bore-holes — Methods of Boring Holes: i. By Rotation, ii. By Percussion with Rods* 
iii. By Percussion with Rope. Breaklnsr Ground: Hand Tools— Machinery- 
Transmission of Power^ExcsTating Machinery : i. Steam Diggers, ii. Dredges, 
iii. Rock Drills, iv. Machines for Cutting Grooves, t. Machines for Tunnellinip— 
Modes of using Holes— Driving and Sinking— Fire-setting— Excavating by Water. 
Soi^portlnfir Excavations: Timbering— Masonry— Metallic Supports— Watertight 
Linings— Special Processes. Exploitation: Open Works :— Hydraulic Mining- 
Excavation of Minerals under Water— Extraction of Minerals by Wells and Bore- 
holes—Underground li\'orking8 — ^Beds — Veins— Masses. Haulage or Transport: 
Underground: by Shoots, Pipes, Persons, Sledges, Vehicles, Railways, Machinery. 
Boats— Conveyance above Ground. Hoisting or Winding : Motors, Drums, and 
Pulley Frames— Ropes, Chains, and Attachments— Receptacles— Other Appliances— 
Safety Appliances— Testing Ropes— Pneumatic Hoisting. Drainage: Surface Water 
— Dams— Drainage TunneLs— Siphons — Winding Machinery — Pumping Engines 
above ground — Pumping Engines below ground — Co-operative Pumping. VeniUar 
tion: Atmosphere of Mines— Causes of Pollution of Air— Natural Ventilation- 
Artificial Ventilation : i. Furnace Ventihttion, ii. Mechanical Ventilation— Testing 
the Quality of Air— Measurinur the Quantity and Pressure of the Air— Efficiency of 
Yentilating Appliances— Resistance caused by Friction. Lighting: Reflected 
Daylight— Candles— Torches— Lamps— Wells Light— Safety Lamps-Gas— Electric 
Light Descent and Ascent : Steps and Slides— Ladders— Buckets and Cages— Man 

Engine. Dressing: i. Mechanical Processes ii. Processes depending on Physical 

Properties— iii. Chemical Processes— Principles of Employment of Mining Labour 
—Legislation affecting Mines and Quarries. Condition of the Miner— 
Accidents. 

' '*Tlus bpoch-making work . . . appeals to mbn of experibncb no less than to 
st^dtnt%.**-^Berg- und HUttenmUnnische Ztitung. 
" This SPLBNDID WOKK."— {7/f /#rr. Zttchrft. fiir Beri- und HUttenwestn. 



ELEMENTARY MINING AND QUARRYING 

(An Introductory Text-boolc). 

By Prof. 0. LE NEYE FOSTEE, F.R.S. 

In Crown 8vo. With Illustrations. \8h(yrUy, 

LONDON: CHARLES GRIFFIN ft C0„ LIMITED, EXETER STREET, STRAND. 



WOBKB ON MIJjTJffQ. J7 

— 

COAL-MINING (A Text-Book of): 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN 00AL4IINING. 

BY 

HERBERT WILLIAM HUGHES, F.G.S., 

Assoc Royal School of Mines, General Manager of Sandwell Park Colliery. 

Third Edition. In Demy 8zv, Handsome Cloth, With very Numtrms 
Illustrations f mostly reduced from Working Drawings, Price i%s, 

'•The details of colliery work have been fully described, on the ground that 
•ollieries are more often made remunerative by perfection in small matters 
than by bold strokes of engineering. ... It frequently happens, in particular 
localities, that the adoption of a combination of small improvements, any of 
which viewed separately may be of apparently little value, turns an unprofitable 
concern into a paying one." — Extract from Author* s Preface. 

GENERAL CONTENTS. 

Geology: Rocks -Faults — Order of Succession— Carboniferous System in Britam. 
Goal : Definition and Formation of Coal— Classification and Commercial Value of Coftla. 
Searoh for Coal : Boring— various appliances used — Devices employed to meet Difficulties 
of deep Boring — Special methods of Boring— Mather & Piatt's, American, and Diamond 
svstems— Accidents in Boring— Cost of Boring— Use of Boreholes. Breaking Ground* 
Tools— Transmission of Power Compressed Air, Electricity — Power Machine Drills — Coal 
Cutting by Machinery— Cost of Coal Cutting — Explosives— Blasting in Dry and Dusty 
Mines— Blasting by Electricity — Various methods to supersede Blastine. Sinking: 
Position, Form, and Sixe of shaft — Operation of getting down to " Ston<*-head " — Method of 
proceeding afterwarda-^Linii^ shafts— Keeping out Water by Tubbing — Cost of Tubbing — 
sinking by Boring — Kind - Cluiudron, and Lipmann methods — Sinking through Quicksands. 
— Cost of Sinking. Preliminary Operations : Driving underground Roads — Supporting. 
Roof: Timbering, Chocks or Cogs, Iron and Steel Supports and Masonry — Arrangement of 
Inset. Methods of Working : Shaft, Pillar, and Subsidence— Bord and Pillar System- 
Lancashire Method — Longwall Method — Douole Stall Method— Working Steep Seam»-* 
Working Thick Seams— Working Seams lying near together — Spontaneous Combustion. 
Haulage: Rails — ^Tubs— Haulage by Horses — Self-acting Inclines — ^Direct-acting Haulan 
— Main and Tail Rope— Endless Chain -Endless Rope— Comparison. Winding; I^ 
Frames — Pulleys — Ca^es— Ropes — Guides — Engines — Drums — Brakes — Counterbalancing — 
Expansion — Condensation — Compound Engines— Prevention of Overwinding — Catches at pit 
topn— Changing Tubs-^Tub Controllers— Signalling. Pumping: Bucket and Plunger 
Pumps — Supporting Pipes in Shaft — Valves — Suspended lifts for Sinking — Cornish and 
Bull Engines — Davey Differential Engine — Worthington Pump — Calculations as to size of 
Pumps — Draining Deep Workings — Dams. Ventilation: Quantity of air required- 
Gases met with in Mmes— Coal-dust— Laws of Friction — Production of Air-current»— 
Natural Ventilation— Furnace Ventilation — Mechanical Ventilators — Efficiency of Fans~* 
Coaparison of Furnaces and Fans — Distribution of the Air-current — Measurement of Ail^ 
currents. Iil^tlng: Naked Lights — Safety Lamps — Modem Lamps^ — Condusion^— 
Locking and Cleaning Lamps— Electric Light Underground — Delicate Indicators. Work! 
at Surface; Boilers— Mechanical Stoking— Coal Conveyors— Workshops. Preparatioi^ 
of Coal for Market : General Considerations— Tipplers — Screens — Varying the Sizes made 
Vy Screens — Belts-^ Revolving Tables — Loading Shoots— Typical Illustrations of the arrange- 
flMnt of Various Screening Establishments— Coal Washing — Dry Coal Cleaning —Briquettes. 



" Quite THK BSST BOOK of its kind ... as practical in aim as a book can be , .. , 
touches upon every point connected with the actual working of collieries. The illustratioiu 
art MXCBX.\M,HT"—AthfHaum. 

** A Text-book on Coal-Mining is a great desideratum, and Mr. Hughbs possesses 
AOMiRABLK QUALIFICATIONS fot Supplying it. . . . We cordially recommend the work.* 
-~Cplli*ry Guardian. 

'* Mr. Hughes has had opportunities for study and research which fall to the lot ot 
hot few men. If we mistake not, his text-book will soon come to be regarded as the 
STANDARD WORK of its kind." — Birmingham DgMyGa»ette, 

LONDON: 6MARLE8 aRIFFIN .« CO.. LIIHTEi), EXETER STREET. STRANIt 
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OHARLBS QBIFFIN S CfO.'S PUBLICATIONS. 

STRox^cixxiia: 

AND ITS 



EJLmsx:. 



BY 



BOVERTON REDWOOD, 

F.R.S.E., F.LC, Assoc. Inst. C.E., 

Hon. Oorr. Hem. of the Imperial BuMian Technical Society : Hem. of the Americam Chemical 
Society ; Consalting Adviser to the Corporation of London under the 

Petroleum Acts, &c., &c. 

AssisTBD BY GEO. T. HOLLOW AY, F.LC, Assoc. R.C.S., 

And [Numerous Contributors. 

In Two Volumes, Large 8vo. Price 45s. 
mnttb Viumeroue AapB» plate6» and illustrations in tbe XText 



GENERAL CONTENTS. 



n. 



m. 

IV. 

V. 

VI. 

vn. 



General HlBtorlcal Account of 
the Petroleum Industry. 

Geological and Geographical 
Distribution of Petroleum and 
Natural Gas. 

Chemical and Physical Pro- 
perties of Petroleum. 

Origin of Petroleum and Natural 
Gas. 

Production of Petroleum, 
Natural Gas, and Ozokerite. 

The Refining of Petroleum. 

The Shale Oil and Allied In- 
dustries. 



Dls. 



vm. Transport, Storage, and 
tribution of Petroleum. 
DL Testing of Petroleum. 
X. Application and Uses of 

Petroleum. 
XI. Legislation on Petroleum at 

Home and Abroad. 
Xn. Statistics of the Petroleum 
Production and the Petroleum 
Trade, obtained Arom the 
most trustworthy and official 
sources. 



" The MOST COMPREHENSIVE AND CONVENIENT ACCOUNT that lias yet appeared 
of a gigantic industry which has made incalculable additions to the comfort of 
civilised man. . . . The chapter dealing with the arrangement for storage 

and TRANSPORT of GREAT PRACTICAL INTEREST. . . . The DIGEST of LEGIS- 
LATION on the subject cannot but prove of the greatest utility." — J'he Times. 
"A SPLENDID contribution to our technical literature." — Chemical News, 
"This THOROUGHLY STANDARD WORK ... in every way excellent 
. . . most fully and ably handled . • . could only have been produced 
by a man in the very exceptional position of the Author. . . . Indispen- 
sable to all who have to do with Petroleum, its applications, manufacture, 
STORAGE, or TRANSPORT."— Jlfiwin^ JommaL 

" We must concede to Mr. Bedwood the distinction of having produced a 
treatise which must be admitted to the rank of the indispensables. It con- 
tains THE LAST word that can be said about Petroleum in any of its scientific, 
technical, and legal aspects. It would be difficult to conceive of a more 
comprehensive and explicit account of the geological conditions associated with 
the supply of Petroleum and the very practical question of its amount and 
duration. '* — Journal of Oaa Lighting, 



LONDON: CHARLES GRIFFIN & CO., IIMITED, EXETER STREET, STRAND. 
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MINE-SURVEYING (A Treatise on): 

Fw the U9€ of Managen of Minea and Coilierie; Students 
at the Royal School of Minee, do. 

By BENNETT H. BROUGH, F.G.S., Assoc.R-S.M., 

Formerly Instructor of Mine-Surveying, Royal School of Mines. 

Seventh Edition, Enlarged and Revised, With Numerous Diagrami. 

Cloth, 7S. 6d. 

General Contents. 

Qeneral Elxplanations — Measurement of Distances — Miner's Dial — Variatioa el 
the Magnetic-Needle — Surveying with the Magnetic-Needle in presence of Iron — 
Surveying with the Fixed Needle— German Dial— Theodolite— Traversing Under* 
ground— Surface-Surveys with Theodolite— Plotting the Survey— Calculation of 
Areas — Levelling— Connection of Underground- and Surface-Surveys — Measuria|^ 
Distances by Telescope — Setting-out — Mine-Surveying Problems — Mine Plans — 
Applications of Magnetic-Needle in Mining — Photographic Surveying — Afpendices^ 



<« 



Has rROVRD itself a valuable Text-book ; the bvst, if not the only one, in the English^ 
language on the subject.** — Mining youmaL 

''No English-spMtking Mine Agent or Mining Student will consider his technical library 
complete without it." — Nature. 

"A valuable accessory to Surveyors in every department of commercial enterprise.. 
Fully deserves to hold its position as a standard."— Ci^Z/ilrfy Guardian. 



In Large Svo, with Illustrations and Folding-Plates. lor. ^d%. 
AND THE USE OF EXPLOSIVES. 

A Handbook for Engineers and others Engaged in Mining, 

Tunnelling, Quarrying, &c. 

By OSCAR GUTTMANN, Assoc. M. Inst. C.E. 

Mtmher of tht Soctehes of Civil Engineers and Architects of Vienna and Bnda^si, 
Corresponding Mentber of the Imp. Roy. Geological Institution o/ Austria^ b^c. 

General Contents.— Historical Sketch— Blasting Materials— Blasting Pow- 
der — ^Various Powder-mixtures — Gun-cotton — Nitro-glycerine and Dynamite- 
Other Nitro-compotmds — Sprengel's Liquid (acid) Explosives —Other Means of 
Blasting — Qualities, Dangers, and Handling of Explosives — Choice of Blasting. 
Materials — Apparatus for Measuring Force — Blasting in Fiery Mines — Means of' 
Igniting Charges — Preparation of Blasts — Bore-holes — Machine-drilling — Chamber 
Mines — Charging of Bore-holes — Determination of the Charge — Blasting in Bore- 
holes — Firing — Straw and Fuze Firing — Electrical Firing— Substitutes for Electrical' 
Firing — Results of Working — Various Blasting Operations — Quarrying — Blasting 
Masonry, Iron and Wooden Structures — Blasting in earth, under water, of ice, &c. 

'* This ADKiRABLK work."— Co//iery Owirdian. 

** Should prove a itade-tnecum to Mining Engineers and all engaged in practical work. 
— Iron and Coal Trades Review. 

LONDON : CHARLES GRIFFIN k CO., LIMITED, EXETER STREET, STRAND. 



fo CHARLES ORIFFIN A C0:8 PUBLICATIONS. 



NEW VOLUME OF GRIFrnrS MININa 8EBIE8. 

JDdtted by C. IiS NEVXl FOSTER, D.So., F.R8., 
H.M, Inspector •/ Mines, Professor of Mininff, Royal School of Mines. 



Mine Acconnts and lining M-l^eeping, 

A Hanual for the Use of Students, Managers of Metalliferous 

Mines and Collieries, Secretaries of Mining Companies, 

and others interested in Mining. 

With NumeRous Examples taken prom the Actual Practice 
OP Leading Mining Companies throughout the world. 

BY 

JAMES GUNSON LA.\VN, A88oc.R.S.M., Assoc. Mem. Inst. C.E., F.G.S., 

Professor of Mining at the South African School of Mines, Gftpetown, 

KimlMrley, and Johanneslmrg. 

In Large Svo, Price 10«. 6d, 

GENERAL CONTENTS.— Intpoduction. Part I. Enfiragement and Payment of 
WoPkmen— Data Determlnini; Oroas Amount due to Workmen— A Length of Time Worieed 
—Orertime—B. Amount cfWorIc done— Sinking and DriTinsr—Elxploitation— Sliding Sealea— 
Modilieations— C. Value of Mineral gotten— Deductions— Pay-Slieets, Due-Bills, and Pay- 
Tickets. Part II. Pupehases and Sales— Purchase and Distribution cf Stores— Books and 
Forms Relating thereto— Sales of Product— Methods of Sale— Contract— Tender— Delivery oi; 
and Payment for, Mineral— Tin Ore- Coal-Silver Ore— Gold Ore PaPt III. WopkinflT 
SummaPies and Analyses -Summaries of Minerals Raised, Dressed, and Sold; and of 
Labour— Analyses of Costs— Acconnts Forvarded to Head Office. PaPt IV. Ledgep, Bal- 
•anKse Sheet, and Company Books— Head Office Books— Ledger— Principal Accounts of 
A Mining Company— Capital Account— Sale and Purchase Acconnts— Capital Expenditure- 
Personal— Stores— Wages Account— Bad Debts Account— Cash Account— Bills Receivable and 
Payable Account— Discount and Interest Account— Product Account— Working Accounts- 
Profit and Loss Acconnt-Jonmal— Inventory— Balsnee Sheet— Bibliography— Redemption of 
Oapitai— 1. Debentures— 3. Sinking Fund— 4. By Equal Annual Sums— B By Annual Sum 
varying according to a Formula— C. By Annual Sum depending on Mineral worked— 8. En- 
larged Dividends or Bonuses— Depreciation— Reserve Fund— Bibliography— General Consider- 
ations and Companies Books— Private Individuals— Private Partnership Companies- Cost-book 
Companies— Limited Liability Companies— Stocks and Shares— Debentures — Books connected 
with Shares— Miscellaneous Books— Bibliography. Papt V. Repopts and Statistics — 
'Inroections of Workings and Machinery— A. Colliery Reports, Ac.— Inspections— Report Books 
—Measurement of Ventilating Current— Permits to fire Shots and carrv Safety Lamp Key— 
B. Ore Mine Reports. &c— G. Miscellaneous Reports, &c.— Reports of Mining Companies- 
managers' Reports— Diagrams— Tabular Statements— Reports of Directors— Reports of Cost- 
l>ook Mines— Mining Statistics— Great Britain— Other Countries— Bibliography. 

BI**It seems impossible to suggest how Mr Lxwy's book could be made more coxplbtb er 
more valuable, careful, and exhaustive."— /tcroun^an/^' Magazine. 

"Mb. Lawn's book should be found of gkkat use by Mike Secretaubs and Mimk 
MAVAasBS. It consists of five Parts. Pabt 1 is devoted to the engagement and payment of 
workmen, and contains forms of contracts and pay sheets of various descriptions in nse by 
Mining Companies in England and South Africa. Special reference is made to pay irtieets and 
forms employed by the De Beers Consolidated Mines, to the General Manager and the late 
Secretary of which Company the author is indebted for the particulars given. Part 2 is taken 
Up by a description of books and forms relating to the purchases of Stores, ibc., and to sales of 
the Products of the mines. Part 3 is the most important section of the book, containing in- 
ttroctive details of the manner of obtaining summaries of Working Expenditure and Anuytes 
of Costs. The forms used in thiii connection by the De Beers Company are shown t» eztenso. 
Part 4 eonsists of the Bookkeeping, properly Ro-called, of a mining company. All details 
oonoemlng the ledger. Journal, and other books, and the principal working accounts of a mine 
are given. There are some very interesting formulae in this section, showing the maimer in 
<iifhi& the capital of a company should be kkdkrmed and repaid to its Shareholders. 
According to this manual there are three ways in which this extremely desirable end may be 
arrived at. . . . The book is published at half a guinea, a price low enough considering 
'* A smoont of information and instruction set fonh.'^— Johannesburg Star. 

tOHDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANR 
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Tbjvd Edition. With Folding Hates and ]$iaAy lUualniftbnf. 
Large Svo. Handsome Cloth. 368. 

ELEMENTS OF 

Metallurgy 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 

FROM THEIR ORES. 



BY 



J. ARTHUR PHILLIPS, M.Inst.O.E., F.O.S., F.G.S., &c 

AND 

H. BAUERMAN, V.P.G.S. 





GENJBBAI. CONTENTS. 




Refractory Materials. 


Antimony. 


Iron. 


Fire-Clays. 




Arsenic. 


Cobalt. 


Fuels, &c. 




Zinc. 


Nicka 


AliiTniniiiTn. 




Mercury. 
Bismuta. 


Silver. 


Copper. 




Gold. 


Tin. 




Lead. 


Platinnm. 



^4»* Many notable additions, dealing with new Processes and Derelopment^ 

will be found in the Third Edition. 



«« 



Of the Third Edition, we are still able to say that, as a Text-book of 
Metallurgy, it is the best with which we are acquainted.*' — JShngineer, 

** The value of this work is almost inestimable. There can be no question 
that the amount of time and labour bestowed on it is enormous. . • • Ther* 
M certainly no Metallurgical Treatise in the language calculated to prove of 
■Qch general utility." — Mining JotimcU, 

** In this most useful and handsome volume is condensed a large amount of 
▼aluable practical knowledsre. A careful study of the first diviaion of the book, 
on Fuels, will be found to be of great value to every one in training for the 
practical applications of our scientific knowledge to any of our metallurgical 
operations. " — A tfierueum. 

** A work which is equally valuable to the Student as a Text-book, and to tho 
practical Smelter as a Standard Work of Reference. . . . The lllustrationa 
are admirable examples of Wood Engraving."^-C)%eftii(ki/ New$, 



LONDON: CHARLES 6RIFFIN « CO./LIMITED. EXETER STREET, STIUNB. 
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STANDARD WORKS OF REFERENCE 

FOR 

Metallurgists, Mine-Owneps, Assayers, Manufaeturers^ 

and all interested in the development of 

the Metallurgieal Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., 

CHEMIST AND ASSAYER TO THE ROTAL MINT; PROFESSOR OF METALLURGY lit 

THE ROYAL COLLEGE OF SCIENCE. 

In Largt 8ev, Ha$ulscm* Clotk, IVitk lUtatraitOHX, 



1. INTBODXJOTION to the STUDY of MBTAUCiUBGY. 

By the Editor. Fourth Edition. 15s. (Seep. 63.) 

2. GOLD (The Metallurgy of). By Thos. Kirks Ross, 

D.Sc, Assoc. R.S.M., F.I.C., of the Royal Mint. Third Edition, 
2 IS. (See p. 64.) 

8. IBON (The Metallurgy of). By Thos. Turnsr, 

Assoc. R.S.M., F.I.C., F.C.S. i6s. (See p. 65.) 



Wm h* Pttblisktd at Short Inttrvals, 

4. STEEL (The Metallurgy of). By F. W. Harbord, 
Assoc. R.S.M., F.I.C. 

b. LEAD AND SILVEB (The MetaUurgy of). By H. F. 

Collins, Assoc. R.S.M., M.InstM.M. Part I., Lead; Part II., 
Silver. 

6. METALLXTBGICAL MACHINEBY : the Application of 

Engineering to Metallurgical Problems. By Henry Charles Jenkins, 
Wh.Sc., Aisoc.R.S.M., Assoc. M. Inst. C.E., of the Royal College of 
Science. 

7. ALLOYS. By the Editor. 

*«* Other Volumes in Preparation. 

LONDON: CHARLES ORIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



METALLURGICAL WORKS. 6$ 



QBIFFIN'S METAJLLUBaiCAIi SEBIES. 



Fourth Edition, Revised and Enlarged. Price 15s. 

AN INTRODUCTION TO THE STUDY 

OF 

METALLURGY. 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., 

Atsociate of the Royal School of Mines ; Chemist and Assayer of the Royal 
Mint ; Professor of Metallurgy in the Royal College of Science. 

In Large 8vo, with numerous Illustrations and Micro- Photographic Plate* 
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GENERAL CONTENTS 



The Selation of Metallurgy to Chem- ! Furnaces. 
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Physical Properties of Metals. 



Means of Supplying Air to Fur* 
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The Thermal Treatment of Metals. ; Typical Metallurgical Processes. 
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The Micro-Structure of Metals and 
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Economic Considerations. 
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which the most modem views on the subject are dealt with. Professor Austen's 
irolume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News. 

" Invaluable to the student. . . . Rich in matter not to be readily found 
dsewhere. " — Athenaum, 

** This volume amply realises the expectations formed as to the result of the 
labours of so eminent an authority. It is remarkable for its originality of con- 
oeption and for the large amount of information which it contains. . . . We 
recommend every one who desires information not only to consult, but to study 
this work." — Engineering, 

** Will at once take front rank as a icxt-hock."— Science and Art. 

" Prof. Roberts- Austen's book marks an epoch in the history of the teaching 
of metallurgy in this country." — Industries. 
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Placer Mining. 

Shallow Deposits. 
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** A OOKPRBHKNSIVR PRACTIGA.L TBEATiSB on this Important subject"— 2rA« Times. 

**Tha HOST COMPLETE detoripUon of the chlorination process whiol^ has yet been pob- 
tlshed."— Jftntn^ir Journal. 

** Dr. Boss gained his experience In the Western States of America, but he has ■eourad 
details of gold-working from all parts of the world, and these should be of orsat ssvtiob 
to practic^ men. . . . The four chapters on Clitorinaiion^ written from the point of Tiew 
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Oeneral Contents.-'Ea.T'tj HlBtory of Iron.— Modem History of Iron.— The Age of SteeL 
—Chief Iron Ores. — Preparation of Iron Ores.— The Blast Furnace.— The Air used in tlie 
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IN RREPARAT/ON. 
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THE METALLURGY OF STEEL, 

By F. W. HARBORD, A8SOC.R.S.M., F.LC- 



Beady Shortly f Important New Work. 

THE METALLURGY OF LEAD AND SILVER. 

By H. F. COLLINS, Assoc.R.S.M., M.Inst.M.M. 
In Two Volumes, Each complete in Itself. 

Part I.— i:. £2 JL i>. 

A Complete and Exhaustive Treatise on 
THE MANUFACTURE OF LEAD, 

WITH SECTIONS ON 

SMELTING AND DESIL VER IS ATION, 
And Chapters on the Assay and Analysis of the Materials InvolTed. 

To be followed by the Companion-Volume (Part II.) on SILVER. 
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With Boanerous Tables and Illustrations. Crown Sro, Cloth, io/6k. 

Fifth Edition; Revised. 

Gbnkkal Contents. — Pakt I. — Intkoductoky ; Manipulation : Samplinf ; 
Drytng ; Calculation of Results — Laboratory-books and Reports. Mbthods : Dry Grari- 
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Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobsdt, Zinc, Cadmium, Tin, Ti 
Titanium, Manganese, Chromium, &c— Earths, Alkalies. 

Part III.— Non-Mktau : Oxygen and Oxides; The Halogena— Sulphur and Sul- 
phates — ^Arsenic, Phosphorus, Nitrogen — Silicon, Carbon, Boron — Useful Tables. 

"A KBALLY MKKiToaiOtfS woKK, that may be safely depended upon either for syttemntic 
or for reference." — N»iurt. 



"This work is one of the best of its kind. . . . Contains all the information that 
the Assay er will find necessary m the examinatien ef minerals." — Eneituer. 



ffand$ome Cloth. With Numerous Illustrations. 6s. 

ELEMENTARY METALLURGY 

(A TEXT-BOOK OF). 
Inclnding the Anther's Paactical Laboratobt Coubsb. 

By a. HUMBOLDT SEXTON, F.I.C., F.C.S., 

Professor of Metallargj in the Glasj^ow and West of Scotland Technical College. 

GENERAL CONTENTS.— Introdnction— Properties of the Metals— Combustion 
— Fnels— Refractory Materials— Furnaces— Occiirrence of the Metals in Natare~Pre- 
paration of the Ore for the Smelter — Metallnrgical Processes — Iron : Preparation of 
Pig Iron— Malleable Iron— Steel— Mild fciteel— Copper— Lead— Zinc and Tin— Silrer 
— Gold — Mercury — Alloys — Applications of Electricity to Metallurgy — Labora- 
tobt Course with Numerous Practical Exercises. 

** Just the kind of work for Students commencing the study of Metal- 
Inigy, or for Enoineerdto Students requiring a general knowledge of it, or 
for Engineers in practice who like a handt work of reference. To all tnree 
classes we heartily commend the work.** — Practical Engineer. 

** Excellently got-up and well-arranged. . . . Iron and copper well 
explained by excellent diagrams showing the stsges of the process from start to 
finish. . . . The most novel chapter is that on the many changes wrought 
in Metallurgical Methods by Electricity."— C/icmtcaZ Trade Journal. 

** Possesses the great advantage of giving a Course or Pbagtioal Wobk*** 
— Mining Journal. 
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In large Syo. With Numerous Illustrations and Three Folding-Plates. 

Price 21s. 

ELECTRIC SJttELTIlfl} & REEIlflM: 

A Practical Manual oF the Extraction and Treatnnent 
of Metals by Electrical Methods. 

Being the " Elektro-Mbtau.drgib " of Dr. W. BORCHERS. 

Translated from the Second Edition by WALTER G. McMILLAN, 

F.I.C., F.C/.8., 

Sec etary to the Irutitution of EUctrieal Engineers; late Lecturer in Metallurgy 

at Maemi College^ Birminjham. 



CONTENTS. 

Part I. — Alkalies and Alkalinb Eabth Metals: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II. — The Earth Metals: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part III. — The Heavy Metals : Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tiu, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

" Comprehensive and authoritative . . . not only full of valuable infor- 
mation, but give 4 evidence of a thorough insight into the technical value and 
POSSIBILITIES of all the methods discuAsed."— TAe Electrician. 

" Dr. Borchers' well-known work . . . must or necessity" be acquired by 
every one interested in the subject. Excellently put into English with additionid 
matter by Mr. McMillan."— iVatwre. 

" Will be of great skuvice to the practical man and the Student."— f^ectrtc Smelting, 



In Large 8vo. HaudEome Cloth. Price 4s. 

QUANTITATIVE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 
By J. JAMES MORGAN, F.O.S., 

Member Soc. Cbem. Industry, Member Cleveland Institute of Engineerfl. 
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erustations, Clays, and Fire-bricks.— Blast Furnace Slag, &c. — Coal, Coke, 
and Patent Fuel.— Water. — Gases. — Copper. —Zinc. — Lead. — Alloys. — White 
Lead. — Atomic Weights. — ^Factors. — Reagents, &c. 

%* The above work contains several novel fkatubks, notably the extension, to qaanti- 
lative analysis, of the pringiplrs of * Group' Hkparatioxs, hithert) chiefly confiaed to 
Quilitative work, and will be found to facilitate ureatlv the 01 orations of Chkmists, 
A>8AvirRs, and others. 
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BY 

WALTER G. McMillan, f.lc, f.c.s. 

With nomerous Illustrations. Large Crown 8vo. Cloth. 

*' This excellent treatise, . . . one of the best and most cx>mplktb 
manuals hitherto published on Electro-Metallurgy." — JUlectrical Rtview. 

** This work will be a stakdabd."— /etre^Zer. 

*'Any jnetallurgical process which rbducbs the cost of production 
must of necessity prove of great commercial importance. . . . We 
recommend this manual to all who are interested in the practigal 
APPLICATION of electrolytic processes." — Nature, 
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Processes of Goldsmith's Work, and the Manu- 
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By THOS. B. WIGLEY, 
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ASSISTED BY 
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Lecturer at the Birmingham Municipal TechnlcsLl School. 
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Qeneral Confent«.— Introduction.— The Ancient Goldsmith's Art.— Tbe Metalluny of Gold. 
—Prices of Gold, Silver, &c —Preparation of Alloys.- Melting of Gold.- Boiling and Slitting of 
Gold.— The Workshop and Tools.— Filigree Wire Drawing.— Manufacture of Personal Ornaments. 
—Finger Rings.- Mounting and Setting.— Mayoral Chains fixA Civic Insignia.— Antique Jewel- 
lery and its Revival.— Etruscan Work.— Manufacture of Gold Chains.- Pkkciodb Stonbs.— 
Cutting Diamonds and other Precious Gems.— Polishing and Finishing.— Chasing, Embossing, 
and Repoussd Work.— The Colouring and Finishing of Articles of Jewellery.— iinamelling: its 
History, Processes, and Applicability.— Heraldic Distinctions and Armorial B^irings.- Engraving: 
its Origin, History, and Processes.- Moulding and Casting of Ornaments, &c.— Fluxes, Ac. — 
Recoverv of the Precious Metals from the Waste Products,- Refining Semel and A.<:8aying Semel 
Bars.— Gilding and Electro Deposition.— Hall-Marking Gold and Silver Plate.— Miscellaneous 
Useful Information.— Appendix : Technological Examinations. 
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INORGANIC CHEMISTRY 

(A SHORT MANUAL OF). 

BY 

A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.C., F.CS., 

Of the Westminster Hospital Medical SchooL 

Second Edition, Revised. Crown 8vo. Cloth, 7s. 6d. 

" A wen-written, clear and accurate Elementary Manual of Inorganic Chemutry. . . • 
We agree heartily with the system adopted by Drs. Duprtf and Hake Will makb ExPSRl- 
MENTAL Work trbblt intbrbsting bbcausk intblligiblb."— kSa/ivn^^ Revuw. 

** There is no question that, given the pbrpbct grounding of the Student in his Sdeac^ 
the remaiad^ comes afterwards to him in a manner mudi more simple and easily aoqnirad. 
The work is an bxamplb op thb advantagbs op thb Systematic Trbatmbmt of a 
.Science over the fragmentarv style so generally followed. By a long way thb bbst of th« 
small Manuals for Students. — Analyst. 



LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

ProfeBSor of Metallurgy in the G-lasgow and West of Scotland Technical College. 



Sexton's (Prof.) Outlines of Quantitative Analysis. 

FOR THE USE OF STUDENTS. 

With Illustrations. Fourth Edition. Crown 8vo, Cloth, Ss. 

** A COMPACT laboratory GUIDE for beginners was wanted, and the want has 
4)een well supplied. ... A good and useful book.*' — Laiuxt. 



Sexton's (Prof.) Outlines of Qualitative Analysis. 

FOR THE USE OF STUDENTS. 

With Illustrations. Third Edition. Crown 8vo, Cloth, 3b. 6d. 

.^* The work of a thoroughly practical chemist." — British Medical Journal, 
Compiled with great care, and will supply a wvat,"— Journal of EducaUcn, 



« 



Sexton's (Prof.) Elementary Metallurgy: 

Including the Author's Practical Laboratory Course. With many 

Illustrations, 6s. [See p. 66. 

" Just the kind of work for students commencing the study of metaUnrgy." — 
Practical Engineer. 
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CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.I.C.. F.O.S., A8soc.In8t.C.E., F.I.C., F.C.S., 

Contulttnff Ohemlst to the Grown Agents for Consaltlng Ohemiat, Head of the ChemiBtiy 

the Colonies. I>eputment. Goldsmiths' Inst., 

New Cross. 

With lUuBtrations. In Two Vols., Large 8vo. Sold Separately. 



*'The authors have snccBSDBO beyond all expectations, and have produced a work which 
«honId give vbish powbr to the Engineer and Manufacturer."— 2^ Time*. 



CHEMISTRY OP ENGINEERING, BUILDING, AND 

METALLURGY. 

General Contenf^).— INTRODUCTION— Ghemistry of the Chief Materials 
of Oonstructlon— Sources of Energy— Chemistry of Steam-raising — Chemis- 
try of Lnhrication and Lubricants- Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

** PaACTiCAL THBOUOHOUT ... an ADMiRABLK T8ZT-B00K, useftil not ouly to Students, 
but to ENGINBBE8 and Makaokrb of woiiss in PBBTBHTma WASTB and impbovinq pbocbssbs."— 
Seottman. 

" BuiNBiiTLT rB,AcricAL.''—OUugoio Htrald. 

" A boolc worthy of high bank ... its merit is great . . . treatment of the sul^eot 
of OABBODs POBL particularly good. . . . Wateb oab and the production clearbr worked out. 
. . . Altogether a most creditable production. Wb wabm lt bbcomhbnd it, and look forward 
%vith keen interest to the appearance uf Vol. II."— tTournoZ ofOaa Lighting. 



THE CHEMISTRY OF MANUFACTURING 

PROCESSES. 

Oeneral Contents. —Sulphuric Acid Manufacture— Manufacture of Alkali, 
IBC.— Destructive Distillation -Artifldal Manure Manufacture— Petrolenm 
—Lime and Cement— €lay Industries and Glass— Sugar and Starch— Brewing 
and Distilling— Oils, Resins, and VamlBhes— Soap and Candles— Textiles 
and Bleaching — Colouring Matters, Dyeing, and Printing — Paper and 
Pasteboard— Pigments and Paints— Leather, Glue, and Size— Explosives 
and Matches— Minor Chemical Manufactures. 

** Oertainly a good and usbfcl book, constituting a fbaotigal ouidb for students by 
affording a clear conception of the numerous processes as a whole.'*^Oh«mical Trad4 
JoumaL 

**We ooNFiDBXTLT BBOOMiCBMD thls Tolume BS B FBACTiCAL, Bud not Overloaded, 
TBXT-BOOK. of QBBAT VALUB to Students.**— TTke Builder. 
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Sk Mujlttbono. 

FOODS: 

THEIR COMPOSITION AND ANALYSIS. 

In Demy Svo, with Elaborate Tables, Diagrams, and Plates. Handsome 

Cloth. FouBTH Edition. Price 21s. 

GBNERAL OOKTBNTS. 
History of Adulteration — Legislation, Past and Present — ^Apparato* 
mefol to the Food-Anal3rst — "Ash" — Sugar — Confectionenr — Honey— 
Treacle — Jams and Preserved Fruits — Starches — Wheaten-Flour — Bread 
— Oats — Barley — Rye— Rice — Maize — Millet — Potato — Peas — Chinee» 
Peas — Lentils — Beans — Milk — Cream — Butter — Oleo-Margarine — 
Bntterine — Cheese — Lard — Tea — Coffee — Cocoa and Chocolate — ^cohol — 
Brandy — ^Rnm — Whisky — Gin — Arrack — Liqueurs — Absinthe — Principle* 
of Fermentation — Yeast — Beer — Wine — Vinesai — Lemon and Lime 
Jnice — Mustard — Pepper— Sweet and Bitter Almond — Annatto— Olive 
Oil — Water — Standard Solutions and Reagents. Appendix: Text of 
English and American Adulteration Acts. 

PRESS NOTICES OF THE FOURTH EDITION. 

••Simphr UTDiaPBHSiLBLK in tho AnalyBt*B laboratory."— T^Ac Lanea. 

**Thx Stahdakd wobk on the subject . . . Eyery chapter and eyery page giTt* 
abundant proof of the strict reviaion to which the work has been sabjected. . . . The 
•eetion on milk is, we believe, the most exhanstire stndy of the Bnbject extant . . . Ab 
nmisnuraABLX manual for Analysts and Medical Officers of Ueo\th"—Fubtie Health, 

"A new edition of Hr. Wynter BlTth*s Standard work, skbiobed with all ths bxcmi 
viiOOTBKixs ARD IMPBOVEMKNTS^ wiU DC accepted as a boon.*'— (7A<mica< Ifem. 



POISONS! 

THEIR EFFECTS AND DETECTION. 

Teibd Edition. In Large 8vo, Cloth, with Tables and Illustration*. 

Price 21s. 

aXNSRAL CONTENTS. 

I. — Historical Introduction. II. — Classification — Statistics — Connection 
between Toxic Action and Chemical Composition — Life Tests — General 
Method of Procedure — The Spectroscope — Examination of Blood and Blood 
Stains. Ill, — Poisonous Gases. IV. — Acids and Alkalies.^ V. — Mor» 
or less Volatile Poisonous Substances. VI. — Alkaloids and Poisonowh 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substances. VIlI. — The Oxalic Acid Group. IX. — Inorganic Poisons. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

** Undoubtedly ths most complxtb wokk on Toxicology in our langusfte."— 3%< Ana^ftt (wm 
Ck4 TKML EMtion). 

*' As a FBACTiOAl evil)!, WO know HO BBXTBR work."— T^ Lancet (on the Third XdUUm). 

*•* In the Thikd Edition, Enlarged and partly Re-written, Nbw Abaittical Mbthom baT» 
been introdaeed, and the Cadatbbic Alkaloids, or Ptomaibbb, bodies playing so great a part la 
Boodrpoisoning and in the Manifestations of Disease, have received q>eeial Mtention. 

fB^MMM— ^M^l»^—^ ■.»■—■■■ I !■ ■■■■■■■■II— 11 ■ I ■ - .,■■■ — ^1 , —■■■■■■ M^l— ^^— ^i^^ 

LONDON : CHARLES SRIFFIN « CO.. LIMITED. EXETER STREET, STRAND. 
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SECOND EDITION. Crown Svo, Handsome Cloth. 2ij. 

Photography: 

nS HISTORY, PROCESSES, APPARATUS, AND MATERIALS. 

Comprising^ Working Details of all the More 

Important Methods. 



BY 



A. BROTHERS, F.R.A.S. 

ir/T/i NUMEROUS FULL PAGE PLATES BY MANY OF THE PRO- 
CESSES DESCRIBED, AND ILLUSTRATIONS IN THE TEXT. 



GENERAL CONTENTS. 



Part. I.— Introductory : His- 
torical Sketch; Chemistry and 
Optics of Photography; Arti- 
ficial Light 

Part II. — Photographic Pro- 
cesses. 



Part III. — Apparatus. 

Part IV.— Materials. 

Part V. — Applications of Photo- 
graphy ; Practical Hints. 



" Mr. Brothers has had an experience in Photography so large and varied that any work 
hy him cannot fail to be interesting and valuable. ... A most compkkhsmsivs vxilinac, 
entering with full details into the various processes, and vkky fully illustrated. The 
rsACTiCAL HINTS are of great value. . . . Admirably eot }x^**—Brii,Jour, of Pk^Ugrm^l^, 

** For the illustrations alone, the book is most interesting ; but, apart firom these, thc- 
volune is valuable, brightly and pleasantly written, and most aomikablv asrangbd."-*- 
PJk^UffTM^kic News. 

"Certainly the finest illustrated handbook to Photography which has ever heem 
published. Should be on the reference shelves of every Photographic Society.**— .<< mm itt tr ■ 
Pk^tographtr. 

"A handbook so fau* in advance of most others, that the Photographer must BOt iaSBL* 
to obtain a copy as a reference work.** — Photographic Work. 

** The coMFLBTBST HANDBOOK of the art which has yet been published." — Secimum^ 

A Standard Work on Photography brought quite up to date.*' — Phoiograpky, 



u 



*^^* This Edition includes all the Newer Developments in Photographic 
Methods, together with Special Articles on Radiography (the X Rays)> 
Colour Photography, and many New Plates. 



LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 



14 CHARLB8 QMIFFIH S OO.'S PUBLIOATIOHB. 

Second Edition, Revised and Enlarged, with New Section 

on Acetylene. 

With NumerouB Illustrations, Handsome Cloth. lOs. Od, 

GAS MANUFACTURE 

(THE CHEMISTRY OF). 

A Hand-Book on the Production, Purification, and Testing 
of Illuminating Oas, and the Assay of the Bye- 
Products of Oas Manufacture. For the 
Use of Students. 

BY 

W. J. ATKINSON BUTTERFIELD, M.A., F.LC, F.C.S., 

Formerlj Head Chemist. Gm Work*. Beckton, London. K 

^ " The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing. The new Edition is well deserving a place in every Engineering 
Library." — Journal of Gas Lighting, 

** Amongst works not written in German, we recommend before all others, 
Butterpield's Chemistry of Gas Manufacture.**— CAcmtXrer Zeitung. 

GENEBAL CONTENTS. 
I. Raw HaterialB for Gas VI. Final Betails of Manu- 



facture. 
Vn. Gas Analysis. 



Manufacture. 

11. Coal Gas. 

III. Carburetted Water Oas. i YIII. Photometry. 
IV. Oil Qba, IX. Applications of Gas. 

V. Enriching by Light Oils. X. Bye-Products. 

XL Acetylene. 



^^ This work deals primaril^r with the ordinary processes of Gas Manufagturb 
employed in this country, and aims especially at indicating the principles on which 
they are based. The more modem, but as yet subsidiary, processes are fully treated also. 

The Chapters on Oas AnalTSis and Pliotometzy will enable the consumer to 
grasp the methods by which the quality of the gas he uses is ascertained, and in the 
Chapter on llie Applications of Oas, not only is it discussed as an illuminant, bat 
also as a ready source of heat and power. 

The Incandescent Gas Light is dealt with in an exhaustive manner, and the 
latest theories of its physical basis, as well as the practical developments of lighting 
by Incandescence, are thoronghly discussed. 

In Chapter X. an attempt has been made to trace in a readily-intelligible manner 
the extraction of the principal derivatives from the crude Bye-products. 

The work deals incidentally with the most modem features of the industry, in- 
duding inter alia the commercial production and uses of Acetylene, to which a 
special Chapter is devoted in the new Edition, and the application of compressed gas 
for Street Traction. The needs of the Students in Technical Colleges and Classes have 
throughout been kept ia view. 



LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND* 



OHBMtaTRY AND TaOEirotJOOY. IS 



CASTELL-EVANS (Prof. J., F.I.C, F.C.S., 

Finsbury Technical College) : 

TABLES AMD DATA for the use of ANALYSTS, CHEMICAL 
MANUFACTURERS, and SCIENTIFIC CHEMISTS. In Large 
8vo. Strongly Bound. \Shortly, 

%* This important Work will comprehend as far as possible aix rules and tablbs 
required by the Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c.. &c. ; and 
also the principal data m THBRMO-CHSMibTRV, Electro-Chbmistry, and the various 
branches of Chemical Physics which are constantly required by the Student and Wodker in 
Original Research. 

Every possible care has been taken to ensure perfect accuracy, and to include the results 
of the most recent investigations. 



ELBORNE (Wm., B.A., F.L.S., F.CS.) : 

PRACTICAL PHARMACY. (See p. io6 General Catalogue.) 



GRIFFIN (John Joseph, F.CS.) : 

CHEMICAL RECREATIONS: A Popular Manual of Experimental 
Chemistry. With 540 Engravings of Apparatus. Tenth EdUion. Crown 
8vo. Cloth. Parts I. and II., complete in one volume, 12/6. 

Separately — Part I., Elementary, 2/; Part XL, The Chemistry of the 
Non-MetaUic Elements, 10/6. 



MUNRO (J. M. H., D.Sc, Professor of Chemistry, 

Downton College of Agriculture): 

AGRICULTURAL CHEMISTRY AND ANALYSIS : A Prac 
TICAL Hand-Book for the Use of Agricultural Studenu. {Griffin* s 
Technological Manuals. ) In Preparation, 



IMPORTANT NEW WORK. NEARLY READY. 

DAIRY CHEMISTRY: 

A PRACTICAL HANDBOOK FOR 

DAIRY MANAGERS, CHEMISTS, ANALYSTS. 

By H. droop RICHMOND, F.C.S., 

.CHEMIST TO THE AYLESBURY DAIRY COMPANY. 

6tf»/^«/j.--Introductory.— The Constituents of Milk.— Analysis of Milk.— 
Normal Milk, its Adulterations and Alterations and their Detection.— Tho Chem- 
ical Control of the Dairy.— Biological and Sanitary Matters.— Butter.— Other 
Milk Products.— Milk of Mammals other than the Cow.— Tables.— Appendix, &c. 

LONDON : CHARLES GRIFFIN ft CO.. UNITED, EXETER STREET, STRAND. 



OEAMLMS 9JUFFIN A OO.'B PUBLWATlOJSnk 



Painters' 
Colours, Oils, & Varnishes : 

A PBAOTIGAI< VLAJXJJAIm. 

By GEORGE H. HURST, F.C.S., 

ilMtber of Che Society of Cheniicatl Industry ; Lecturer on the Technology of PaintetiT 
Coloun, Oils, and Varnishes, the Municipal Technical School, Manchester. 

Second Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

General Contents.— Introductory—THE Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orans^e, Green, 
Blue, Brown, and Black — Lakes — Colour and Paint Machinery — Paint Vehides 
(Oils, Turpentine, &c., &c.) — Driers — ^Varnishes. 

"This useful book will prove most valuable." — Chemical News. - 

"A practical manual in every respect . . bxcsbdingly instructivb. The 

•action on Varnishes is the most reasonable we have met -mxh.*'— Chemist and Druggist. 

** Vbey valuable information is given." — Plumber and Decorator. 

** A THOROUGHLY PRACTICAL book, ... the ONLY English work that satistactorily 
treats of the manufacture of oils, colours, and pigments.** — Chemical Trade/ youmal. 

** Throughoat the work are scattered hints which are invaluable."— >/»cww/mm. 



In Crown Svo, Extra. With Illustrations. 8s. 6d. 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 

t«lm aionai^ Xtesn«s.s*lKS upon Cen&en« V«ai«txatf< 



BY 

GILBERT R. REDGRAVE, Assoc. Inst. C.K 



General Contents. — Introduction — Historical Review of the Cement 

Industry — ^The Early Days of Portland Cement — Composition of Portland 

Cement— Processes of Manufacture — The Washmill and the Backs — 

Flue and Chamber Dr3dng Processes — Calcination of the Cement Mixture — 

Grinding of the Cement — Composition of Mortar and Concrete — Cement 

Testing — Chemical Analysis of Portland Cement, Lime, and Raw 

Materials — Employment of Slags for Cement Making — Scott's Cement, 

Selenitic Cement, and Cements produced from Sewage Sludge and the 

Refuse from Alkali Works — Plaster Cements — Specifications for Portland 

Cement — Appendices (Gases Evolved from Cement Works, Effects of Sea- 

¥rater on Cement, Cost of Cement Manufacture, &c., &c.) 

^ A work calculated to be of orbat and bxtkkdrd XTTUArx.*'' —Chemieal Newi. 
"• iHVALaABLB to the student. Architect, and Engineer."— ^tt»7ii<»^ Ifewg. 
** A work of the orbatbst iktbrkst and usefulness, which appears at a very eritleal 
period of the Oement Trade."— BW/. Trade Journal. 

Will be naeful to all interested in the MANurAoruRR, usr, and trstino of Oemenfea.**— 



LONOOH : CHARLES QRIFFIN « CO., LIMITED, EXETER STREET, «TRANO. 



OSMMISmr AKD TmTBNdliOiGT. TT 



Painting and Decorating: 

A Complete Practioal Manual for House 
Painters and Decorators, 

Embracing the Use of Materials, Tools, and Aj^liances; the 

Practical Processes involved ; and the General Principles 

of Decoration, Colonr, and Ornament. 

BT 

WALTER JOHN PEARCE, 

UOTUBKB AT THX MAHCHBSTXB TECHNICAL SCHOOL FOB HOUBK-FAIHTDra AHD DSOOBAIDKI. 

In Crown 8vo. extra. With Numerous Illustrations and Plates 
(some in Colours), including Original Designs. 12s. 6d. 



GBNEHAI. CONTENTS. 

Introduction — ^Workshop and Stores— Plant and Appliances— Brashes and 
Tools— Materials : Pi^ents, Briers, Painters* Oils— Wall Hangings — Paper 
Hanging— Colour Mixuig — ^Distempering — ^Plain Painting — Staining:— Varnish 
«nd varnishing— Imitative Painting — Graining — Marbling — G-ildLng — Sign- 
Writing and Lettering — Decoration : General Principles — Decoration, in iSs- 
temper— Painted Decoration — Relievo Decoration — Colour— Measuring and 
EsUmating— Coach-Painting — Ship-Painting. 



'*A THOROUGHLY USEFUL BOOK . . . giveS aOOD, SOUND, P&AOTIOAL 

imroBiCATiON in a clear and concise form. . . . Can be confidently 
recommended alike to Student and Workman, as well as to those carrying on 
business as House 'Painters and Decorators." — Plumber and Decorator, 

**A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

oomplbte that it would be difficult to imagine how anything further could be 
added about the Painter's craft." — Builders^ J<mmal. 



*«*Mb. Pearce's work is the outcome of many years' practical ex- 
perience, and will be found invaluable by all interested in the subjects 
of which it treats. It forms the Companion-Volume to Mr. Geo. Hurst's 
well-known work on *' Painters* Colours '' (see p. 76). 



LONDON: CHARLES GRIFFIN h CO.. LIMITED. EXETER STREET, STRAND. 



7S cHAttLaa oaiwrix * oo:b pubuoatiovb. 

In Large Svo. HjtndiMine Cloth. Price 21i. 

BREWING: 

THE PRINCIPLES AND PRACTICE OF. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

WALTER J. SYKES, M.D., D.P.H., F.I.C., 

With Piste and Illiutratioiu. 






" Tht pnUtcMloii or Dl Biua' uxt 
Ib tbe BrevlDi Woriil. . . . DutrvB 
ej\4t ooutd hiuillr be [aui>il.~— Ciwilr i 

GENBRAI. OOHTBKTS. 
I. Phrsleal PFlnctples Involved In BrewInK Opepatlons: Hat; The Ther- 
nometer-^Speclflo Heal— UtenI Heal— ETniKintlon—Denritjr isd S^flc OnTltf-Ujrdro- 



UudenlnK HueiJals— UaehlDx- Ure uf Subsldluy Apparmlui— Black Smh— Spiraea— 
JlolllTig-Acilaii or Unp-tanoln Bodlea— CoollnE—Ucrrlienllng-CoUMIIaKor Won— Ektnel 
Tisld^— Fermeputlou-AdJIUon ot Yeut-Chania or Yeait-FeimenMllaD T«Bp««tia«a— 
StdiiItic— AppearaDce of II«llii~GleanalDi[ Syireni— Etone Sonars ftrtlem— BtttUna and 
RacklnE-Drr Hopplm— SecendaiT FamuitatloD-Prinilu(-Antlaa^Bi— FbriRg-Battle* 
Alai uii] BoiUlnE. Beer and iti DUeuei ! FIitoiit and Anaa-Ondltloa— Palua 
Falncu-Uead— BrlKhuigH— Tubidlty- lloplneaa— BlbUottraptiy— AppendiOM : Sotatlcin 
Weliht and Solution Fulsr— SpeclDc Rotxorv Poir«r-Th« Llir or Deflnlta Bslatlon— 
AUnlmiic Femontiilaii wlibont Yeut-Calli- KcrmenuilMi In a Vacgnn— Index. 

LONDON : CHARLES ORIFFItt ft CO., LIMITED, EXETER STREET, STRAND. 



TBB FBRMEUTA TiON INDUSTRIM8. n 



In Large 8yo. Handsome Cloth. With nnmerons Illustrations. 

TECHNICAL MYCOLOGY: 

THE UTILIIATION OF MICRO-ORGANISMS IN THE 

ARTS AND MANUFACTURES. 

A Ppaetioal Handbook on Fermentation and Fermentative Pro- 
cesses for the Use of Brewers and Distillers, Analysts, 
Technical and Agricultural Chemists, and all 
interested in the Industries dependent 
on Fermentation. 

By Dr. FRANZ LAFAR, 

Professor of Fermentation-Physiology aud IBacteriology in the Technical 

High School, Vienna. 

With an Introduction by Dr. EMIL GHR. HANSEN, Principal of th» 

Carlsberg Laboratory, Copenhagen. 

Translatbd by CHARLES T. C. SALTER. 

In Two Volumes, sold Separately. 



Vol. I. now Ready. Complete in Itself. Price 15s. 



''The first work of the kind which can lay claim to completeness in the treatment or 
% fascinating subject. The plan is admirable, the classification simple, the style is good^ 
and the tendency of the whole volume is to convey sure information to the reader.'* — 
Lancet. 

** We cannot sufficiently praise Dr. Lafar's work nor that of his admirable translator.. 
No brewer with a love for his calling can allow such a book to be absent from his library." 
— Brewer^s JoumcU^ New York. 

** We csn most cordiallv recommend Dr. Lafar's volume lo the Members of our pro- 
fession . . . This treatise will supply a want felt in many industries. ... No one 
will fail to observe how well Mr. Salter has done his work. The publishers have fully 
maintained their reputation as regards printing, bindmg, and excellence of paper." — 
Chemical News. 

%* The publishers trust that before long they will be able to present English readers 
with the second volume of the above work, arrangements having been concluded whereby^ 
npoQ its appearance in Germany the Knglish translation will be at once put in hand. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 



lo CSARLM QBIFFIK S fHVB^ PUMMOATJONB, 

WORKS BT DR. ALDER WRIGHT, F.R.S. 

Fixed Oils, Fats, Butters, 

and Waxes: 

THEIR PREPAKATIOK AND PR0PBRTDB8, 

AND THE 

MANUFACTURE THEREFROM OF CANDLES, 
SOAPS, AND OTHER PRODUCTS. 

BY 

C R. ALDER WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chemistry, St. Mary's Hospital Medical School ; Examiner in "Soap** 

to the City and Guilds of London Institute. 

In Large 8va Handsome Cloth. With 144 Illustrations. 2Ss. 

" Dr. Wkight's work will be found absglutsly indispbnsablk by erery Chembt. 
Tbbms with information valuable alike to the Analyst and the Technical ChemtsL* — 
TJkf Anaivst. 

"Will rank as the Standakd English Authosity on Oils and Fats fbr ohmt 
years to come." — InduttrUs »nd Ir^n, 



At Press ^ Important New Work, 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, RI.O., F.C.S., 

Chemist to the Midland Railway Company, 
AND 

R. MOUNTFORD DEELEY, M.I.M.E., F.G.S., 

Midland Railway Locomotive Department. 

*»* This work will deal in an exhaustive manner with bvebtthino 
JLPERTAINING TO THE SUBJECT of which it treats. It contains a large amount 
of valuable information respecting the sources and preparation of lubbi- 
€ANTs, together with copious directions for their chemical and mechanical 
valuation, and for the detection of foreign substances and adulterants 
GENERALLY, information which has hitherto only existed in a scattered and 
fragmentary condition in the ''Proceedings" and "Transactions" of Learned 
•Societies, and is now rendered available for the first time in a ststbmatisid 
and convenient form. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 



TBS TEXTILB mDUBTRIBS. «i 



§10. THE TEXTILE INDUSTRIES. 



** The M on yaluabu and usstul wokk on Dyeing that hM yet appeared in the EngUeh 
language . . . likely to be ma Stahdasd wobk of BwnuxircK for yean to eome. *— 
flteMfo Herory. 

In Two Large 8vo Volumes, 920 
pp., with a SUPPLEMENTARY 
Volume, containing Specimens 
of Dyed Fabrics. 45s. 




MANUAL OF DYEING: 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

BY 

E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S., 

B«ftd of Um Ohvalitty and Dy«ing DepMtmwit of Late Head of the ChemiatiT and Dyeliig Department 
the Teehnleal fehool, Maneheeter; Sdltor of '* The of the Technical OoUege, Bradford ; Member eC 
Jeamal of the Boeietj of Oyen and Colouristi ; " Ck>anail of the Soeietj of Dyen and CMowteta; 

And RICHARD LOEWENTHAL, Fh.D. 



Gbnsral Contents. — Chemical Technology of the Textile Fabrics — 
Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters — Artificial Organic Colouring Matters — Mineral Colours 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, Ac, &c. 

** Thii MOST YALUABLX WOBK . . . wlll be Widely appreciated.*^— CA«mioa/ JTmm. 

** This authoritatiye and exhanstlTe work ... the most oomplbtb we have yet aeen 
on the ■abjeot.*'— jnexMIe Mamtfaeturtr. 

*^ The xoBT BXB^usnvB and oomplbtb wobk on the enbjeot extant"— 2kr<ilc Acerrf w. 

'' The diatingnished aathore have placed in the hands of those daOy engaged in the dye- 
honse or laboratory a work of bxtbbmb talub and nin>ouBTBi> Dnurr . . . appeala 
qniekly to the technologist, colour chemist, dyer, and more partlcnlarlv to the rising dyer 
of the present generation. A book which it is refreshing to meet with.^*— iliMrieMi TtgHU 
JUeord. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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CHARLES QRIFFIN dir 00.*8 PUBLICATIONS. 



Oompaniori'Volunie to Kneoht and Rawaon'a "Dyeing. 

TEXTILE PRINTING: 

A FBACTICAIi UANTJAL. 



If 



Indading the Processes Used in the Printing of 
COTTON, 'WOOLLEN, SILK, and HALF- 
SILK FABRICS. 



BT 



C. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. JBoe. qf Chemical Induttria; luU Lecturer at the Mmmieipml T^hnical School, 

Mtmeh€$ter. 

In Laige 8vo, with Illustrations and Printed Patterns. Price 21& 



GENlCRAIi CONTENTS. 



IntrodnctioD. 

The Machinery Used in Textile 

Printing. 
Thickeners and Mordants. 
The Printiog of Cotton Goods. 
The Steam Style. 
Colours Produced Directly on the 

Fibre. 
Dyed Styles. 



Padding Style. 

Resist and Discharge Styles. 

The Printing of Compound 

Colourings, Ac 
The Printing of Woollen Goods. 
The Printing of Silk Goods. 
Practical Recipes for Printing. 
Appendix. 
Useful Tables. 



Patterns. 



** Bt far the but and most pbactioal book od tbxtuje PBinTmo which has yetbaeo 
brought cat, and will loog remain the standard work on the sabjeot It is essentially 
practical in character.*'— 7>j:<i7« \/ercury. 

** Thr host psactioal manual of TEXTILE PRiKTixo whioh has yet appeared. We have 
no hesitation in recommending it**~-fA< Textile Manufacturer. 

** UvnouBTEDLV Mr. Bothwell's book is tbb best whieh has appeared on txxtilk 
pmiMTiMO, and worthily forms a Oompanion-Yolame to * A Manual on I^eing.* **~rA< />y€r 
mmd CaNeo Printer. 



LONDON: CHARLES GRIFFIN A CO.. LIMITED^ EXETER STREET. STRAND. 
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Lacge 8vo. Handsome Cloth. 12s. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practical Men. 

By GEORGE DUERR, 

Director of th« Bleaching, Dfeing, and Printing Department at the Accrington and Bacnp 
Teclinical Schools ; Chemist and Colourist at the Irwell Print Works. 

Assisted by WILLIAM TURNBULL 

(of Tumbull & Stockdale, Limited). 

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Composition' of; Bleaching, New 
Processes ; Printing, Hand-Block ; Elat-Press Work ; Machine Printing— 
Mordants— Styles op Calico-Printing : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Uolours, &c. — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
Colours— Coal Tar Colours— Dyeing— Water, Softening of —Theory of|[Coloura 
— ^Weights and Measures, &c. 

** When a bbadt wat out of a difficulty is wanted, it is ix books lies this that it is found."— 
TttetUe Recorder. 

**Mr. Dubbb's "wobk will be found most usxrvL. . . . The information given is ofoBXA* 
TALUB. . . . The B«cipes are THOBOCGHLT PBACTiCAL."'-T«aoM{« iiraiM^etttr«r. 



GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Men. 

By GEORGE H. HURST, FX.S., 

Member of the Society of Chemical Industr>'. 
With Numerous Illustrations. 4s. 6d. 

General Contents. — Technology of the Textile Fibres — Garment Cleaning 
— Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics — 
Scouring and Dyeing of Skin Rugs and Mats — Cleaning and Dyeing of Feathers — 
Glove Cleaning and Dyeing — Straw Bleaching and Dyeing — Glossary of Drugs 
and Chemicals — Useful Tables. 

" An UP-To-DATB hand book has long been wanted, and Mr. Hurst has done nothing 
more complete than this. An important worle, t2&e more so that several of the branches of 
tbe craft here treated upon are almost entirely without English Manuals for the guidance 
of workers. The {Nrice brings it niithia the reach of all."— i^y^r and Calico-Prinier. 

" Mr. Hurst's wonc dbcidedlv fills a want . . . ought to be in the hand* of 
BVBRY GARMENT nvBR and cleancr in the Kingdom" — Textile Mercury, 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 



PRACTICAL MJSmCAL HANDBOOKS. 85 



Fifth Edition, Thoroughly Revised and Enlarged. With 

Additional IllustratioDS. Price 61. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

F4il9w, Mem, Council^ t^»^ Examiner^ Samtarv Institut* of Great Britedn^ 
and Medkal Officer to the Staffordshire County Council 

Mftb an BppenMi on Sanitaria Xaw* 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health for the County Borough of West BromwicK 

General Contents. — Introduction — Water Supply: Drinking Watcf^ 
Pollution of Water— Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal — Sanitary 
and Insanitary Work and Appliances — Details of Plumbers Work — House 
Construction — Infection and Disinfection — Food, Inspection of ; Charac* 
teristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food — 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

"Dr. Raid's very useful Manual . . . abounds in practical detail. **" 
— British Medical Journal. 

"A very useful Handbook, with a very useful Appendix. We recommend 
it not only to Sanitary Inspectors, but to Householders and all interested 
in Sanitary matters." — Sanitaty Record, 



Third Edition, Revised. Large Croum Svo, Handsome Cloth, 4«. 

A MANUAL OF AMBULANCE. 

By J. SOOTT RIDDELL, CM., M.B., M.A., 

Senior Aflsfc.>9iu«eon, Aberdeen Royal Infirmair : Lecturer and B xaminer to the Aberdeen 

Ambulance Association ; Examiner to the St. Andrew's Ambulance Association. 

Qlasgow, and the St. John Ambulance Association, London. 

With Numerous lituatrationa and Full Page Plates, 



General Contents. — Outlines of Human Anatomy and Fhysioloflr — 
The Triangular Bandage and its Uses — The Boiler Bandage and its Usee 
— Fractures — Dislocations and Sprains — Haemorrhage — Wounds — Insensi- 
bility and Fits — Asphyxia and Drowning— Sufiocation — Poisoning---fiunis, 
Frost-bite, and Sunstroke — Removal of Foreign Bodies from (a) The Eye ; 
(6) The Ear; (c) The Nose; {d) The Throat; (e) The Tissues— AmbiUance 
^Rransport and Stretcher Drill — The After-treatment of Ambulance Patients 
— ^Organisation and Management of Ambulance Classes — Appendix : Ex- 
amfaiation Papers on First Aid. 

"A OAPTTAL BOOK. . . . The direotiona are bbost and clbab, and tOBtlfy to tho 
hand of an able surgeon. *'—j?<f in. Med. Jcwnal. 

** This little TOlnme seems tons about as good as it conldpoBsibly be. . . . Contains 
praetfoally every pieoe of information necesrary to render First aid. . . . Should find 
Its i^btoe In svkrt roubkhold ubkabt."— Z)at/i^ Chronicle. 

"So ADKiBABLK is this work , that it is difficult to imagine how it could bo bettor.**— 
CMKiry Oumrdian. 
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